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© A magnetic levitation transport system includes 
magnetic levitation vehicles (A) each driven by a 
linear motor to run along a track (B). Induction lines 
(L) extend through predetermined blocks of the run- 
ning track to transmit a high frequency sine-wave 
current. Each vehicle includes electromagnets (2) to 
attract levitating magnetic members (3) extending 
along the running track, a pickup coil (PU) resonant 
with a frequency of the induction lines (L) to gen- 
erate an electromotive force, and a battery (10) 
chargeable by the pickup coil (PU). The electromag- 
nets receive power from the pickup coil and/or the 
battery. 
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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to magnetic levitation 
transport systems, and more particularly to a mag- 
netic levitation transport system having vehicles 
lifted by a magnetic force generating device which 
attracts magnetic members extending along a run- 
ning track, and propelled by a linear motor to 
transport loads. 

2. DESCRIPTION OF THE RELATED ART 

A conventional magnetic levitation transport 
system will be described with reference to Figs. 21 
through 23. This system includes a load carrying 
vehicle A lifted and propelled along a guide rail B 
defining a running track in a cleanroom. The ve- 
hicle A is magnetically levitated, and driven by a 
linear motor to move from one loading and un- 
loading station ST to another. 

The guide rail B includes a main body B1 
formed by extrusion molding a non-magnetic ma- 
terial such as aluminum. The main body B1 is in 
the shape of a square tube, with an upper surface 
defining an opening extending longitudinally of the 
rail B. The main body B1 has magnetic members 3 
attached to lower sides of the upper surface. The 
magnetic members 3 extend along the upper open- 
ing and are spaced from each other transversely of 
the main body B1. The vehicle A has levitating 
electromagnets 2 disposed under and attracting the 
magnetic members 3, respectively. The vehicle A 
is movable along the guide rail B, with a main body 
A1 of the vehicle A disposed inside the main body 
B1 of the rail B. The guide rail B further includes 
primary coils 5 of a linear motor mounted in the 
bottom thereof. 

As shown in Fig. 23, the primary coils 5 are 
arranged at intervals along the guide rail B to 
decelerate and stop the vehicle A at each station 
ST and to start and accelerate the vehicle A. 

The main body B1 of the guide rail B contains 
stopping electromagnets 7 in positions opposed to 
each station ST. These electromagnets 7 attract, 
from below, stopping magnetic members 8 at- 
tached to the vehicle A to maintain the vehicle A at 
a standstill. The magnetic members 8 are arranged 
in the front and rear and right and left comers of 
the vehicle A. Thus, four electromagnets 7 are 
arranged in place to act on the respective magnetic 
members 8. 

The vehicle A includes a flat load supporting 
deck 15 disposed on top. The levitating elec- 
tromagnets 2 are arranged in the front and rear and 
right and left comers of the vehicle A to act as 
magnetic force generating means for attracting the 



levitating magnetic members 3 from below. The 
vehicle A further includes a secondary conductor 6 
formed of a non-magnetic material such as alu- 
minum to act on the primary coils 5 of the guide 

5 rail B. The secondary conductor 6 is supported in 
horizontal posture in a lower region of the vehicle 
A, with a transversely middle position thereof at- 
tached to a prop 6b depending from a transversely 
middle position of the main body A1 of the vehicle 

w A. The guide rail B supports magnetic plates 6c 
arranged only in positions where the primary coils 
5 are present. The secondary conductor 6 is mov- 
able through spaces defined between the magnetic 
plates 6c and upper surfaces of the primary coils 5. 

75 Thrust is applied to the vehicle A when the secon- 
dary conductor 6 passes through these spaces. 

The levitating electromagnets 2 are electrified 
by a battery 10 mounted on the main body A1 of 
the vehicle A. As a result, upper surfaces of the 

20 levitating electromagnets 2 are maintained within a 
predetermined range of distance from lower sur- 
faces of the levitating magnetic members 3 based 
on information provided by gap sensors (not 
shown). The stopping electromagnets 7 are elec- 

25 trified only when maintaining the vehicle A at a 
standstill at the station ST. 

In Fig. 21, reference R1 denotes guide rollers 
for maintaining vertical spacing between the levitat- 
ing electromagnets 2 and magnetic members 3 

30 when the electromagnets 2 are de-electrified. Ref- 
erence R2 denotes guide rollers for maintaining a 
smaller transverse spacing between the vehicle A 
and guide rail B than a predetermined value, to 
prevent the vehicle A from colliding with inner 

35 lateral surfaces of the levitating magnetic members 
3. 

The known magnetic levitation transport sys- 
tem has the disadvantage of having to change or 
charge the battery 10 every five to six hours, which 

40 impairs operating efficiency of the vehicle A. More- 
over, the battery 10 must be subjected to main- 
tenance periodically. 

In order to overcome these disadvantages, it is 
conceivable to lay along the guide rail B a power 

45 rail formed of a conductive material such as cop- 
per, and provide the vehicle A with a collector to 
contact and receive power from the power rail to 
charge the battery 10. With such a construction, 
however, maintenance is imperative since the pow- 

50 er rail and collector become worn through contact. 
Further, this construction would produce wastes 
such as abrasion dust, and cannot therefore be 
used in a cleanroom. 

55 SUMMARY OF THE INVENTION 

An object of the present invention is to over- 
come the disadvantages of the prior art noted 
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above, and provide a magnetic levitation transport 
system which does not require change of batteries 
over a long period of time, thereby to secure 
improved operating efficiency, and which may be 
used in a cleanroom. 

The above object is fulfilled, according to the 
present invention, by a magnetic levitation transport 
system comprising a magnetic levitation vehicle, 
lines extending through predetermined blocks of a 
running track of the vehicle to transmit a high 
frequency sine-wave current therethrough, wherein 
the vehicle includes a levitating magnetic force 
generating device to attract levitating magnetic 
members extending along the running track, a pic- 
kup coil resonant with a frequency of the lines to 
generate an electromotive force, and a battery 
chargeable by the pickup coil, the levitating mag- 
netic force generating device receiving power from 
the pickup coil and/or the battery. 

With the above construction, an electromotive 
force is generated in the pickup coil when power 
(alternating current) is supplied to the lines extend- 
ing through the predetermined blocks of the track. 
As a result, the vehicle receives power in a non- 
contact mode while running through these blocks 
of the track, with the battery charged, and power 
supplied to the levitating magnetic force generating 
device. When the vehicle runs along the track other 
than the predetermined blocks, the levitating mag- 
netic force generating device receives power from 
the battery. 

As noted above, the present invention allows 
an electromotive force to be generated in the pic- 
kup coil by supplying power (alternating current) to 
the lines extending through the predetermined 
blocks of the track. The vehicle may receive power 
in a non-contact mode and the battery may be 
charged as well while the vehicle runs through 
these blocks of the track. Consequently, it is no 
longer necessary to change the battery every five 
to six hours as is the case with the prior art. This 
feature improves operating efficiency and drasti- 
cally reduces the time consumed in maintenance 
since the battery need not be changed for at least 
one year. Power may be supplied to the vehicle 
regardless of its running direction. 

The levitating magnetic force generating device 
may include electromagnets and permanent mag- 
nets. This provides the advantage of allowing the 
electromagnets to be excited with reduced currents 
and to be compact. 

According to the present invention, a vehicle 
propelled along a guide rail may include a mag- 
netic force generating device having electromag- 
nets and permanent magnets for generating mag- 
netic forces with levitating magnetic members in- 
cluded in the guide rail to levitate the vehicle, and 
a control device for controlling the magnetic forces, 



in which the electromagnets and permanent mag- 
nets are arranged opposite the levitating magnetic 
members, respectively. 

With this construction in which the electromag- 
5 nets and permanent magnets constituting the mag- 
netic force generating device mounted on the ve- 
hicle are arranged opposite the levitating magnetic 
members, respectively, the permanent magnets are 
not incorporated into magnetic circuits of the elec- 
w tromagnets, thereby avoiding increased magnetic 
resistance in the magnetic circuits. 

Thus, this construction avoids reduced efficien- 
cy of the electromagnets occurring where the per- 
manent magnets are joined to intermediate posi- 
75 tions or opposite ends of yokes each supporting a 
pair of electromagnets. 

Each of the permanent magnets may be 
formed cylindrical to surround one of the elec- 
tromagnets. 

20 With each cylindrical permanent magnet sur- 

rounding one of the electromagnets, large areas 
are secured opposite the levitating magnetic mem- 
bers to produce sufficient magnetic forces, which 
allow the entire magnetic force generating device 

25 to be compact. 

An adjusting device may be provided for ad- 
justing a relative position between the permanent 
magnets and electromagnets in directions toward 
and away from the levitating magnetic members. 

30 With the permanent magnets and electromag- 
nets adjustable relative to each other in directions 
toward and away from the levitating magnetic 
members, a relative position may be selected ac- 
cording to the weight of a load to enable diminish- 

35 ment of the exciting currents supplied to the elec- 
tromagnets. For example, where the vehicle has 
permanent magnets capable of generating suffi- 
cient magnetic forces to cope with a heavy load 
placed on the vehicle, the permanent magnets may 

40 be moved relative to the electromagnets away from 
the levitating magnetic members, when the load is 
light, to diminish the attractive forces acting be- 
tween the permanent magnets and magnetic mem- 
bers. In this way, a rough adjustment of the neces- 

45 sary attractive forces may be carried out by vary- 
ing the relative position between the permanent 
magnets and electromagnets according to the 
weight of the load. This enables a reduced range of 
adjustment of the necessary attractive forces pro- 

50 duced by the electromagnets, which in turn realizes 
diminished exciting currents supplied to the elec- 
tromagnets. 

More advantageously, the adjusting device 
may be automatically operable to move the perma- 
55 nent magnets relative to the electromagnets the 
closer to the levitating magnetic members with the 
heavier load placed on the vehicle. 
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The vehicle may further include a gap detect- 
ing device for detecting a gap between the vehicle 
and guide rail, the control device being operable to 
control the magnetic forces such that a value de- 
tected by the gap detecting device become a pre- 
determined value. 

That is, the magnetic forces of the levitating 
magnetic members are controllable such that a gap 
between the vehicle and guide rail, e.g. a detection 
value of the gap detecting device for detecting the 
gap between the vehicle and guide rail, correspond 
to with a predetermined value. In this case, even 
when a load has an increased weight, the relative 
position between the permanent magnets and elec- 
tromagnets is varied to maintain the gap constant 
and to check an increase in the exciting currents 
supplied to the electromagnets. 

Further, the vehicle may include a current de- 
tecting device for detecting the exciting currents 
supplied to the electromagnets, the control device 
being operable, in response to detection informa- 
tion received from the current detecting device, to 
control the magnetic forces such that the exciting 
currents become zero steady level. 

With this construction, the magnetic forces are 
controllable based on detection information re- 
ceived from the current detecting device for detect- 
ing the exciting currents supplied to the elec- 
tromagnets to bring the exciting currents to zero 
steady level. In this case, even when a load has a 
varied weight, the relative position between the 
permanent magnets and electromagnets is varied 
to bring the exciting currents close to zero steady 
level without substantially varying the gap between 
the vehicle and guide rail. 

Consequently, in the magnetic levitation trans- 
port system in which permanent magnets are used 
alongside the electromagnets in the magnetic force 
generating device of the vehicle in order to dimin- 
ish the exciting currents supplied to the elec- 
tromagnets, the exciting currents are diminished 
while maintaining the gap between the vehicle and 
guide rail in a 

proper range despite variations in the weight of the 
load. 

The levitating magnetic members may be mag- 
netized substantially at right angles to a running 
direction of the vehicle, and the vehicle may in- 
clude a control device for controlling magnetic 
forces of the electromagnets constituting the mag- 
netic force generating device, the control device 
being operable to control electrification of the elec- 
tromagnets such that magnetic forces acting be- 
tween the electromagnets and levitating magnetic 
members be switched between attractive forces 
and repulsive forces. 

With this construction, since the levitating mag- 
netic members are magnetized substantially at 



right angles to a running direction of the vehicle, 
not only attractive forces but also repulsive forces 
may be generated between the electromagnets on 
the vehicle and the levitating magnetic members. 

5 That is, with the control device operable to control 
electrification of the electromagnets (e.g. to switch 
polarity of the exciting currents), the magnetic 
forces acting between the electromagnets and 
levitating magnetic members may be switched be- 

w tween attractive forces and repulsive forces. When, 
for example, the electromagnets and levitating 
magnetic members have moved too close to each 
other, the magnetic forces acting therebetween are 
switched to repulsive forces for a very brief time. 

75 This prevents the electromagnets and levitating 
magnetic members from moving closer to each 
other by inertia, and promptly restores a proper 
gap therebetween. 

This construction effectively checks and quick- 

20 ly damps vertical vibrations of the vehicle, com- 
pared with the magnetic forces acting between the 
electromagnets and levitating magnetic members 
being used only as attractive forces, and separation 
thereof being dependent on a natural descent 

25 which is made possible by weakening the attractive 
forces. 

In another aspect of the present invention, a 
magnetic levitation transport system comprises a 
magnetic force generating device for levitating the 

30 vehicle above the guide rail, a levitated state de- 
tecting device for detecting a difference between a 
predetermined proper levitated state and an actual 
levitated state provided by the levitating force of 
the magnetic force generating device, a levitation 

35 control device operable in response to detection 
information received from the levitated state detect- 
ing device to control the levitating force of the 
magnetic force generating device, thereby to main- 
tain the predetermined proper levitated state, a 

40 propelling force generating device for applying a 
forward or backward propelling force to the vehicle 
along the guide rail, and a propelling force control 
device for controlling the propelling force generat- 
ing device. 

45 With this construction, the magnetic force gen- 

erating device lifts the vehicle out of contact with 
the guide rail, and the propelling force generating 
device such as a linear induction motor (LIM) pro- 
pels the vehicle along the guide rail. In this way, 

50 the vehicle may transport a load efficiently and 
smoothly from one station to another. 

Advantageously, this magnetic levitation trans- 
port system may further comprise a state value 
detecting device for detecting a state value variable 

55 with variations in weight of the vehicle, the propel- 
ling force control device being operable in re- 
sponse to detection information received from the 
state value detecting device to control the forward 
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or backward propelling force. 

With this construction, the levitation control de- 
vice controls the magnetic force generating device 
based on detection information from the levitated 
state detecting device, to maintain the vehicle in a 
proper levitated state above the guide rail. At the 
same time, the propelling force control device con- 
trols the forward or backward propelling force 
based on detection information from the state value 
detecting device which is variable with the weight 
of the vehicle including the load. 

The levitated state detecting device may be 
operable to detect a difference between a predeter- 
mined proper gap and an actual gap between the 
vehicle and guide rail, the levitation control device 
may be operable to control the levitating force of 
the magnetic force generating device to bring the 
actual gap to the proper gap, and the state value 
detecting device may be operable to detect the 
levitating force of the magnetic force generating 
device. 

With this construction, the levitation control de- 
vice controls the levitating force of the magnetic 
force generating device, so that the gap between 
the vehicle and guide rail detected by the levitated 
state detecting device become a predetermined 
proper gap. That is, the levitating force of the 
magnetic force generating device is varied accord- 
ing to the weight of the vehicle including a load. 
The levitated state detecting device detects this 
levitating force, and the propelling force control 
device controls the forward or backward propelling 
force based on the detection information from the 
state value detecting device. The levitating force of 
the magnetic force generating device may be de- 
tected from energy supplied to the magnetic force 
generating device, e.g. the exciting currents sup- 
plied to the electromagnets where levitating forces 
are generated by the magnetic forces of the elec- 
tromagnets. 

This construction provides the advantage that 
the forward or backward propelling force may be 
controlled with nicety according to an actual weight 
of the vehicle including a load. 

The levitated state detecting device may be 
operable to detect a difference between a predeter- 
mined proper value and energy supplied to the 
levitating magnetic force generating device and to 
detect variations in the gap between the vehicle 
and guide rail, the levitation control device may be 
operable to control the levitating force of the mag- 
netic force generating device to bring the energy 
supplied to the magnetic force generating device to 
the predetermined proper value in the absence of 
variations in the gap, and the state value detecting 
device may he operable to detect the gap. 

With this construction, the levitation control de- 
vice is operable, in response to a difference be- 



tween the predetermined proper value and energy 
supplied to the levitating magnetic force generating 
device and variations in the gap between the ve- 
hicle and guide rail as detected by the levitated 

5 state detecting device, to control the levitating 
force of the magnetic force generating device such 
that the energy supplied to the magnetic force 
generating device be the predetermined proper val- 
ue in the absence of variations in the gap (in a 

10 steady state). Where, for example, levitating forces 
are generated by the magnetic forces of elec- 
tromagnets, the exciting currents for the elec- 
tromagnets are controlled to be a predetermined 
proper value in a steady state. By using permanent 

75 magnets as well, the exciting currents for the elec- 
tromagnets may be reduced to zero in a steady 
state. 

In this case, the levitating force of the magnetic 
force generating device is varied for a transient 

20 period according to the weight of the vehicle in- 
cluding a load, to vary and maintain the gap to 
balance the weight. The state value detecting de- 
vice detects this gap, and the propelling force 
control device controls the forward or backward 

25 propelling force based on detection information 
from the state value detecting device. 

Where, for example, the propelling force gen- 
erating device is a linear induction motor (LIM), the 
control of the forward or backward propelling force 

30 is carried out by varying an effective voltage ap- 
plied to primary coils according to the weight. In a 
stopping control, a transfer function gain is varied 
according to the weight when the backward propel- 
ling force is subjected to feedback control based 

35 on a distance to a stopping position and speed of 
the vehicle. 

A state value corresponding to a weight may 
be obtained by utilizing a device required for the 
levitation control. That is, the state value detecting 

40 device may be used also as part of the levitated 
state detecting device for detecting the gap be- 
tween the vehicle and guide rail. 

The foregoing and other objects, features and 
advantages of the invention will be apparent from 

45 the following more particular description of pre- 
ferred embodiments of the invention, as illustrated 
in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Fig. 1 is a front view of a magnetic levitation 
transport system according to the present inven- 
tion; 

Fig. 2 is a sectional side view of the magnetic 
55 levitation transport system; 

Fig. 3 is a schematic plan view showing a layout 
of a guide rail in the magnetic levitation trans- 
port system; 
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Fig. 4 is a sectional view of a pickup unit in the 
magnetic levitation transport system; 
Figs. 5 (a), (b) and (c) are a plan view, a front 
view and a side view of the pickup unit, respec- 
tively; 5 
Fig. 6 is a diagram of circuitry in the magnetic 
levitation transport system; 
Fig. 7 is a graph of secondary frequency to 
electromotive force characteristics of the mag- 
netic levitation transport system; io 
Fig. 8 is a plan view of a vehicle having a 
magnetic force generating device in another em- 
bodiment of the invention; 
Fig. 9 is a layout plan view showing a portion of 
the magnetic levitation transport system of Fig. 75 
8; 

Fig. 10 is a sectional view of the vehicle and 
guide rail as seen in a direction of movement of 
the vehicle; 

Fig. 1 1 is a side view showing construction of 20 
the vehicle and guide rail of Fig. 10; 
Fig. 12 is a block diagram showing conrols 
effected by a control device of the vehicle 
shown in Fig. 8; 

Figs. 13 (a), (b), (c) and (d) are schematic views 25 
of modified magnetic force generating devices, 
respectively; 

Fig. 14 is a sectional view of a vehicle and a 
guide rail in a further embodiment of the inven- 
tion; 30 
Fig. 15 is a side view showing construction of 
the vehicle and guide rail of Fig. 14; 
Fig. 16 is a block diagram showing controls 
effected by a control device of the vehicle 
shown in Fig. 14; 35 
Fig. 17 is a block diagram showing control of 
exciting currents supplied to electromagnets 
shown in Fig. 14; 

Fig. 18 is a block diagram of a principal portion 

of a magnetic levitation transport system in a 40 

further embodiment of the invention; 

Fig. 19 is a sectional view of a vehicle and a 

guide rail in the magnetic levitation transport 

system shown in Fig. 18; 

Fig. 20 is a side view showing construction of 45 
the vehicle and guide rail shown in Fig. 18; 
Fig. 21 is a front view of a conventional mag- 
netic levitation transport system; 
Fig. 22 is a sectional side view of the conven- 
tional magnetic levitation transport system; and 50 
Fig. 23 is a schematic plan view showing a 
layout of a guide rail in the conventional mag- 
netic levitation transport system. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Magnetic levitation transport systems accord- 
ing to the present invention will be described in 
detail hereinafter with reference to the drawings. 

Like reference numerals are used to identify 
like parts in Figs. 21 through 23 showing the prior 
art, which will not be described again. 

Referring to Figs. 1 through 3, a guide rail B 
has induction line units X extending along inner 
walls of predetermined blocks thereof. As shown in 
enlargement in Fig. 4, each induction line unit X 
includes an elongate plate-like bracket 14 formed 
of aluminum which is a magnetic field shielding 
material. The bracket 14 extends along the guide 
rail B, and supports pairs of upper and lower hori- 
zontal hungers 14a arranged at predetermined in- 
tervals along the guide rail B. Each hunger 14a 
supports a plastic duct 14b attached to a distal end 
thereof and extending along the guide rail B. The 
duct 14b contains an induction line L connected to 
a power source assembly P disposed outside the 
guide rail B as shown in Fig. 2. The induction line L 
is a strand wire (hereinafter called a litz wire) 
formed of thin insulated wires, and covered with an 
insulator such as a plastic material. The above- 
mentioned predetermined blocks are straight por- 
tions of the guide rail B, for example. 

The main body A1 of the vehicle A has a 
pickup unit PU disposed in a lower position thereof 
opposed to the bracket 14 supporting the induction 
line L. As shown in Fig. 5, the pickup unit PU 
includes a ferrite 18 acting as a magnetic member 
having an E-shaped section and elongated along 
the guide rail B, a pickup coil 19 formed of a litz 
wire wound with 10 to 20 turns around upper and 
lower surfaces of a middle projection 18A of the 
ferrite 18, and plate-like lugs 20 attached in vertical 
posture to opposite ends of one side of the ferrite 
18. Projections 18A, 18B and 18C of the ferrite 18 
have distal ends 18D extending vertically and in- 
wardly. As shown in Fig. 5 (c), each lug 20 defines 
a vertically 

elongated mounting bore 20A having semicircular 
opposite ends. The lugs 20 are connected to a pair 
of supports 21 projecting from the vehicle A toward 
the guide rail B, by bolts 22A extending through 
mounting bores 20A and 21 A. The ferrite 18 of the 
pickup unit PU is vertically adjusted so that, when 
the vehicle A is lifted to a predetermined levitation 
level, the center L of the ferrite 18 be halfway 
between each pair of ducts 14b of the induction 
line unit X and perpendicular to the bracket 14. The 
pickup unit PU is turned as indicated by arrows 
and vertically adjusted to place the upper and 
lower projections 18B and 18C of the ferrite 18 
above and below the pair of ducts 14b of the 
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induction line unit X, respectively. Then, nuts 22B 
are tightened to fix the pickup unit PU in position. 
With the pickup unit PU fixed in position, each duct 
14b, as shown in Fig. 4, is disposed substantially 
halfway between the pickup coil 19 on the ferrite 
18 and the upper or lower projection 18B or 18C. 
The pickup unit PU is constructed such that the 
ferrite 18 and pickup coil 19 do not contact the 
ducts 14b or bracket 14 when the vehicle A is not 
lifted. 

As shown in Fig. 2, the vehicle A has, mounted 
on an upper surface of the main body A1 , a power 
receiving unit 23 for receiving an electromotive 
force generated in the pickup coil 19, a battery 10 
for supplying power to electromagnets 2 acting as 
levitating magnetic force generating means, and a 
control device 9 for controlling power supply to the 
electromagnets 2. The control device 9 confirms a 
levitation level of the vehicle A based on detection 
signals received from gap sensors (not shown), 
produces a signal for controlling electrification of 
the levitating electromagnets 2, and outputs this 
signal to a power circuit 25 included in the power 
receiving unit 23 and connected to the electromag- 
nets 2 as shown in Fig. 6. 

Detailed circuit constructions of the power 
source assembly P and power receiving unit 23 will 
be described with reference to Fig. 6. 

The power source assembly P includes a 200V 
three-phase AC source 41 , a converter 42, a sine- 
wave resonance inverter 43, and a transistor 44 
and a diode 45 for protection against over-current. 
The converter 42 includes diodes 46 for full-wave 
rectification, coils 47 acting as filters, a capacitor 
48, a resistor 49, and a transistor 50 for short- 
circuiting the resistor 49. The sine-wave resonance 
inverter 43 includes transistors 51 and 52 driven by 
rectangular wave signals generated alternately as 
shown in Fig. 6, a current limiting coil 53, a current 
supplying coil 54 connected to the transistors 51 
and 52, and a capacitor 55 forming a parallel 
resonance circuit with the induction line L. Transis- 
tor control devices are omitted from the illustration. 

The power receiving unit 23 is connected par- 
allel to the pickup coil 19. The power receiving unit 
23 includes a capacitor 31 forming a circuit reso- 
nant with a frequency of the pickup coil 19 and 
induction line L. A rectifying diode 32 is connected 
parallel to the capacitor 31. A stabilizing source 
circuit 33 is connected to the diode 32 to control 
output of the diode 32 to a predetermined DC 
voltage. The power circuit 25 is connected to the 
stabilizing source circuit 33 through a diode 34 to 
adjust electrification of the levitating electromag- 
nets 2. The stabilizing source circuit 33 is con- 
nected to the positive electrode of the battery 10 
through a diode 26. The positive electrode of the 
battery 10 is connected also to the power circuit 25 



through two diodes 27 forming a high-value priority 
circuit with the diode 34. The levitating electromag- 
nets 2 are connected to the power circuit 25. The 
stabilizing source circuit 33 includes a current limit- 
5 ing coil 35, an output adjusting transistor 36, a 
diode 37 acting as a filter, and a capacitor 38. A 
transistor control device is omitted from the illustra- 
tion. The diodes 34, 36 and 27 have the same 
characteristic. 

10 Operations of the power source assembly P, 

induction line L and vehicle A will be described 
next. 

The 200V three-phase alternating current out- 
putted from the AC source 41 is changed to a 

is direct current by the converter 42. This current is 
changed to a high frequency wave such as a 
10kHz sine wave by the sine-wave resonance in- 
verter 43 and suppled to the induction line L. The 
control device 9 confirms a levitation level of the 

20 vehicle A based on detection signals received from 
the gap sensors, and outputs an electrification con- 
trol signal to the power circuit 25 in the power 
receiving unit 23 to place the vehicle A at a pre- 
determined levitation level. 

25 In the straight portions of the guide rail B 

where the induction line L is laid, a magnetic flux 
generated in the induction line L generates an 
electromotive force in the pickup coil 19 of the 
vehicle A resonant with the frequency of the induc- 

30 tion line L. An alternating current generated by this 
electromotive force is rectified by the diode 32 in 
the power receiving unit 23, controlled to a pre- 
determined DC voltage by the stabilizing source 
circuit 33, and supplied to the levitating elec- 

35 tromagnets 2 through the power circuit 25 accord- 
ing to the electrification control signal inputted 
thereto from the control device 22, thereby lifting 
the vehicle A. The stabilizing source circuit 33 acts 
also to charge the battery 10. In the straight portion 

40 of the guide rail B, the high-value priority circuit 
formed of the diodes 34 and 27 is operable to pass 
no current from the battery 10 to the power circuit 
25. In this state, the vehicle A is propelled by the 
primary coils 5 provided at stations ST. 

45 In curved portions of the guide rail B having no 

induction line L, no electromotive force is gen- 
erated in the pickup coil 19 of the vehicle A, and 
zero voltage is outputted from the stabilizing 
source circuit 33. In the curved portions, power is 

50 supplied from the battery 10 to the power circuit 25 
and, according to the electrification control signal 
inputted from the control device 22, the power 
circuit 25 electrifies the levitating electromagnets 2 
to lift the vehicle A. 

55 As described above, the vehicle A receives 
power supply in a non-contact mode, with the 
battery 10 being charged as well, while transporting 
a load along the guide rail B. It is unnecessary to 
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change the battery every five or six hours, which 
assures improved operating efficiency. Mainten- 
ance of the battery need not be carried out for one 
year or more, thereby drastically reducing main- 
tenance time. Power may be supplied to the ve- 
hicle A regardless of its moving direction. 

Since power is supplied in a non-contact mode, 
this system does not produce dust as produced 
through contact between a power supply rail and a 
collector in the prior art. Thus, the transport system 
according to the present invention may be used in 
a cleanroom. 

As noted hereinbefore, the E-shaped ferrite 18 
is fixed with the opening side thereof opposed to 
one side of the bracket 14, and with the pickup coil 
19 placed halfway between two tiers of the induc- 
tion line L. Consequently, as shown in Fig. 4, the 
pickup coil 19 lies in a position of maximum flux 
density produced by the induction line L, whereby 
a maximum electromotive force is induced for effi- 
cient power supply. 

Since the induction line units X are provided 
only in straight portions of the guide rail B, the 
pickup unit PU is free from contact with the induc- 
tion lines L. The pickup unit PU could contact the 
induction lines L if the latter were provided in 
curved portions also. Thus, the ferrite 18 of the 
pickup unit PU may have a freely selected length. 
However, an induction line unit X may be provided 
in each gently curved portion to extend continu- 
ously along the guide rail B. 

Since the induction line L is longer than the 
pickup coil 19, the induction line L has a substan- 
tially constant primary inductance. Further, since 
the capacitor 55 of the power source assembly P 
and induction line L form a resonance circuit, the 
induction line L may receive a high frequency, 
sine-wave primary current in a substantially con- 
stant, large amount. With the pickup coil 19 for- 
ming a secondary resonance circuit, as shown in 
Fig. 7, a high secondary voltage (1000 to 2000V in 
the graph) is generated at resonance frequency fO. 
A secondary voltage exceeding a predetermined 
value (300V in the graph) may be generated in a 
frequency range f1-f2 even if levitation of the ve- 
hicle A vertically displaces the pickup coil 19 with 
respect to the induction line L, even if the fre- 
quency of the induction line L varies a little, and 
even if the secondary resonance frequency varies 
a little from the frequency of the induction line L. 
This assures a steady supply of a large amount of 
power. The vertical adjustment noted hereinbefore 
may be carried out roughly in order to promote 
operating efficiency and facilitate manufacture. 

The litz wires covered with an insulating ma- 
terial are used as the induction line L and pickup 
coil 19, which present no exposure of the conduc- 
tive parts, thereby promoting safety. The absence 
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of sparks eliminates risks of fire. Thus, this trans- 
port system may be used in an explosion-proof 
area. Since the induction line L receives a sine 
wave, no higher harmonics are generated and 

5 hence no radio noise. 

In the foregoing embodiment, one duct 14b 
contains one induction line L. Instead, one duct 14b 
may contain two or more induction lines L to boost 
power. An inverter may be connected to the sta- 

10 bilizing source circuit 33 in the power receiving unit 
23 to collect a commercial frequency alternating 
current. This current may be used to drive a load- 
ing and unloading motor mounted on the load 
supporting deck 15 of the vehicle A. 

75 Another embodiment will be described 

hereinafter. 

An unmanned transport system in this embodi- 
ment is operable automatically to transport loads 
such as semiconductor wafers in a cleanroom. As 
20 shown in Fig. 9, the transport system includes a 
guide rail B extending along a running track of 
vehicles A. Each vehicle A is magnetically levitat- 
ed, and driven by a linear motor to run along the 
guide rail B. 

25 As shown in Figs. 10 and 11, the guide rail B 

has levitating magnetic members 3 attached to 
lower surfaces of upper horizontal flanges thereof 
to be attracted by magnetic force generating de- 
vices 2 of each vehicle A. The magnetic force 

30 generating devices 2 are mounted on a lower 
frame 1 of the vehicle A and distributed to four, 
front and rear and right and left, comers of the 
vehicle A. Each magnetic force generating device 2 
includes permanent magnets 2a and electromag- 

35 nets 2b, and is opposed to one of the levitating 
magnetic members 3. 

The electromagnets 2b share a U-shaped yoke 
2b1 having a pair of end faces opposed to one of 
the levitating magnetic members 3, and two coils 

40 2b2 connected in series and wound around two 
bobbins mounted on the yoke 2b1 . The permanent 
magnets 2a are formed cylindrical to surround the 
coils 2b2, respectively. Thus, as shown in plan in 
Fig. 8, each end face of the yoke 2b1 , coil 2b2 and 

45 permanent magnet 2a are arranged concentrically. 
Each pair of permanent magnets 2a is rigidly at- 
tached to a frame 2a1, and movable vertically 
(perpendicular to the sheet of Fig. 11) by a mount- 
ing structure described hereinafter. 

so One of the permanent magnets 2a forming a 

pair has an end face opposed to the levitating 
magnetic member 3 (i.e. upper end) providing N- 
pole, and a lower end providing S-pole, while the 
other permanent magnet 2a forming the pair has an 

55 upper end providing S-pole and a lower end pro- 
viding N-pole. Each permanent magnet 2a pro- 
duces a magnetic force (attractive force) with the 
levitating magnetic member 3. A magnetic flux 
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produced by the electromagnets 2b passes 
through a magnetic circuit including the yoke 2b1, 
levitating magnetic member 3, and a pair of gaps 
formed between the two end faces of the yoke 2b1 
and magnetic member 3, to generate a magnetic 
force between the electromagnets 2b and magnetic 
member 3. 

The magnetic force of the permanent magnets 
2a and that of the electromagnets 2b have a mutu- 
ally boosting effect where the permanent magnets 
2a and electromagnets 2b produce magnetic fluxes 
in the same direction (i.e. have the same polarity), 
but attenuate each other where the magnetic fluxes 
are produced in opposite directions. Thus, the at- 
tractive force acting between the magnetic force 
generating devices 2 and levitating magnetic mem- 
bers 3 may be varied with respect to the magnetic 
force of the permanent magnets 2a by reversing 
polarity of an exciting current supplied to the elec- 
tromagnets 2b (coils 2b2) or varying intensity 
thereof. 

Each vehicle A includes a control device for 
controlling the exciting currents supplied to the 
electromagnets 2b to control the magnetic force of 
magnetic force generating devices 2, thereby to 
control levitation of the vehicle A above the guide 
rail B. The control by the control device of the 
exciting currents supplied to the electromagnets 2b 
will be described later. 

The guide rail B includes primary coils 5 
mounted in the bottom thereof, while each vehicle 
A includes a secondary conductor 6 supported by 
the lower frame 1 through a prop 6b. The primary 
coils 5 and secondary conductor 6 constitute a 
linear motor for driving the vehicle A. The secon- 
dary conductor 6 has a magnetic plate 6a applied 
thereto. The primary coils 5 produce magnetic 
fields to act on the secondary conductor 6 and 
propel the vehicle A. 

The primary coils 5 are arranged at predeter- 
mined intervals along the guide rail B to save 
installation cost, and the vehicle A runs by inertia 
from one primary coil 5 to another. However, the 
primary coils 5 are, of necessity, arranged at and 
adjacent each station ST to decelerate the vehicle 
A to a standstill and to start and accelerate the 
vehicle A. 

The guide rail B includes stopping electromag- 
nets 7 arranged in positions opposed to each sta- 
tion ST to maintain the vehicle A at a standstill as 
magnetically levitated. The vehicle A includes stop- 
ping magnetic members 8 attached to the lower 
frame 1 to be attracted by the electromagnets 7. 
The magnetic members 8 are arranged in the front 
and rear and right and left corners of the vehicle A. 
Four electromagnets 7 are arranged in place op- 
posite the station ST to act on the respective 
magnetic members 8. 



Thus, the vehicle A is driven, under ground 
control, by the ground, primary type linear motor 
formed of the primary coils 5 and secondary con- 
ductor 6, and is stopped at each station ST and 

5 maintained still also under ground control. The con- 
trols of the primary coils 5 include deceleration, 
stoppage, starting and acceleration at and adjacent 
each station ST, and intermediate acceleration and 
deceleration between the stations ST. A ground 

10 controller effect these controls by varying direction 
and frequency of magnetic fields produced from 
the primary coils 5. 

The vehicle A has a control device 9 mounted 
thereon. As shown in Fig. 12, the control device 9 

75 has main functions to control, through a drive cir- 
cuit 30, the exciting current supplied to the elec- 
tromagnets 2b, and to exchange information with 
each station ST through communication units 11 
and 12 by means of optical communication. The 

20 information exchanged includes information regard- 
ing the identification number and load conditions of 
the vehicle A, information regarding charging and 
discharging of a battery, and information regarding 
running and stoppage of the vehicle A. 

25 Though not shown in Fig. 12, a total of four 

drive circuits 30 are provided to drive the four 
magnetic force generating devices 2 (electromag- 
nets 2b) arranged in the front and rear and right 
and left comers of the vehicle A, respectively. The 

30 control device 9 transmits information regarding 
polarity and amount of the exciting current to each 
of the four drive circuits 30. Output of each drive 
circuit 30 (i.e. the exciting current) is fed back to 
the control device 9 through a current detector (or 

35 current detecting circuit) 13. The control device 9 
also receives detection information from four gap 
sensors 4 each disposed centrally of the magnetic 
force generating device 2 (see Fig. 10). 

Based on the detection information received 

40 from the gap sensors 4, the control device 9 con- 
trols the exciting currents supplied to the elec- 
tromagnets 2b to secure a proper gap between the 
vehicle A and guide rail B. The control device 9 
also varies the proper gap according to the weight 

45 of a load, and controls the exciting currents to zero 
steady level based on detection information re- 
ceived from the current detectors 13. That is, the 
control device 9 controls the exciting currents sup- 
plied to the electromagnets 2b within a small range 

so centering on zero. Consequently, the magnetic 
forces of the electromagnets 2b are used to in- 
crease and decrease the magnetic forces of the 
magnetic force generating devices 2 with respect 
to the magnetic forces of the permanent magnets 

55 2a. In this way, the attractive forces acting between 
the magnetic force generating devices 2 and 
levitating magnetic members 3 balance the gravity 
of the vehicle A including the load. 
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With the above control, the heavier the load is, 
the smaller is the gap between the vehicle A and 
guide rail B. Naturally, there is a physical limitation 
to the range of adjustment of the gap between the 
vehicle A and guide rail B. This magnetic levitation 
transport system includes an adjusting device for 
adjusting relative positions between the permanent 
magnets 2a and electromagnets 2b in the direc- 
tions toward and away from the levitating magnetic 
members 3. With the position of the electromag- 
nets 2b regarded as a reference position, the 
heavier the load is, the closer the permanent mag- 
nets 2a are moved to the levitating magnetic mem- 
bers 3. This increases the attractive force acting 
between the permanent magnets 2a and levitating 
magnetic members 3. A specific construction of 
this adjusting device C will he described with refer- 
ence to Fig. 8. 

As shown in Fig. 8, a load supporting deck 15 
for supporting a load W is attached to the lower 
frame 1 through a spring 16. The load supporting 
deck 15 is movable downward, compressing the 
spring 16, under the weight of the load W. That is, 
the weights of the load W and load supporting 
deck 15 balance a restoring force of the spring 16. 
The frames 2a1 of the permanent magnets 2a are 
attached to a lower end of the load supporting deck 
15 through parallel links 17. With vertical move- 
ment of the load supporting deck 15, the perma- 
nent magnets 2a are vertically movable by lever- 
age. 

As shown in Fig. 11, a lower end region of the 
load supporting deck 15 has an inserted T-shaped 
configuration including a vertical rod portion 15a 
vertically movably supported by the lower frame 1 , 
and horizontal rod portions 15b extending right and 
left from a lower end of the vertical rod portion 15a. 
The parallel links 17 extending in the fore and aft 
direction are pivotally connected to opposite distal 
ends 15c of the horizontal rod portions 15b, re- 
spectively. The frames 2a1 of the permanent mag- 
nets 2a are pivotally connected to distal ends Q of 
the parallel links 17. The parallel links 17 are pivot- 
ally supported in intermediate positions thereof by 
support elements 28. 

When the load supporting deck 15 moves verti- 
cally downward, lowering the opposite ends 15c of 
the horizontal rod portions 15b, each parallel link 
17 acts as a lever having a pivotal connection R to 
the support element 28 acting as a fulcrum, the 
end 15c acting as a force applying point, and the 
distal end Q acting as an output point, to raise the 
permanent magnets 2a pivotally connected to the 
distal end Q. 

The above construction provides the adjusting 
device C. The heavier the load is, the closer the 
permanent magnets 2a are moved to the levitating 
magnetic members 3. The spring 16 may have an 



appropriately selected coefficient to realize a prop- 
er relationship between load weight and amount of 
movement. 

This embodiment may be modified as follows: 

5 (1) The specific construction of each magnetic 
force generating device 2 including the perma- 
nent magnets 2a and electromagnets 2b may be 
varied in many ways as set out hereunder. What 
is important is that the permanent magnets 2a 

io and (the yoke 2b1 of) electromagnets 2b are 
arranged opposite the levitating magnetic mem- 
bers 3. It is of course possible to work the 
invention without moving the electromagnets 2b 
toward and away from the levitating magnetic 

75 members 3. 

Fig. 13 (a) shows a magnetic force generat- 
ing device 2 including a coil 2b2 of an elec- 
tromagnet 2b mounted centrally of a yoke 2b1, 
and a pair of cylindrical permanent magnets 

20 fixedly mounted on the yoke 2b1 . This magnetic 
force generating device 2 has a diminished 
overall construction. 

Fig. 13 (b) shows a magnetic force generat- 
ing device 2 including coils 2b2 of electromag- 

25 nets 2b mounted on a yoke 2b1 as in the 
foregoing embodiment. The yoke 2b1 has op- 
posite ends thereof cut thin, and a pair of cylin- 
drical permanent magnets are fixedly mounted 
on the thin opposite ends of the yoke 2b1 . With 

30 this construction, in a section of the magnetic 
circuit of the electromagnets 2b, part of the 
magnetic flux passes through the yoke 2b1 , and 
part of the flux passes through the permanent 
magnets 2a. In this case, the electromagnets 2b 

35 have a lower efficiency than in the foregoing 
embodiment and in the modification shown in 
Fig. 13 (a), but have a higher efficiency than 
where intermediate portions or opposite ends of 
the yoke 1b1 are totally replaced with perma- 

40 nent magnets 2a. 

This applies also to the modifications shown 
in Figs. 13 (c) and (d). In Fig. 13 (c), a yoke 2b1 
has opposite ends defining cylindrical recesses 
centrally thereof in which cylindrical permanent 

45 magnets 2a are securely fitted, respectively. In 
Fig. 13 (d), a yoke 2b1 has opposite ends defin- 
ing semicylindrical cutouts in which semicylin- 
drical permanent magnets 2a are securely fitted, 
respectively. In each of the modifications shown 

so in Figs. 13 (b) through (d), the permanent mag- 
nets 2a are rigidly attached to the yoke 2b1 
without presenting projections. This facilitates 
positioning of the coils 2b2, and allows the mag- 
netic force generating device 2 to have a com- 

55 pact construction compared with the foregoing 
embodiment. 

(2) In the described magnetic levitation transport 
system, the gap between the vehicle and guide 
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rail is varied to bring the exciting currents for the 
electromagnets to zero steady level. However, 
the present invention is applicable to a transport 
system which does not employ such a system 
but simply controls the exciting currents for the 
electromagnets, based on the detection informa- 
tion from the gap sensors 4, so that the gap 
between the vehicle and guide rail become a 
predetermined value. 

In this case, the heavier the load is, to the 
greater degree the exciting currents for the elec- 
tromagnets are increased to increase the attrac- 
tive force acting between the magnetic force 
generating devices and levitating magnetic 
members. The attractive force acting between 
the magnetic force generating devices and 
levitating magnetic members may be varied by 
moving the permanent magnets toward or away 
from the magnetic members, so that variations 
in the exciting currents for the electromagnets 
compensate for variations in the attractive force. 
That is, the variations in the exciting currents for 
the electromagnets may be limited to a small 
range. 

(3) The construction for moving the permanent 
magnets the closer to the levitating magnetic 
members with the heavier load is not limited to 
the construction in the foregoing embodiment 
but may be varied in many ways. The vehicle 
may include a sensor for detecting the weight of 
a load, and actuators for moving the permanent 
magnets. Then, the control device may be 
adapted to operate the actuators in response to 
detection information received from the sensor. 

(4) In converse to the foregoing embodiment, 
the electromagnets may be adapted vertically 
movable with the permanent magnets fixed to 
the vehicle. What is important is that the perma- 
nent magnets and electromagnets are movable 
relative to each other toward and away from the 
levitating magnetic members. 

(5) It is not absolutely necessary to vary relative 
positions between the permanent magnets and 
electromagnets automatically in response to de- 
tection of a load weight. In the foregoing em- 
bodiment, for example, the control device 9 may 
refer to the load information transmitted from 
station ST to vehicle A through the communica- 
tion units 11 and 12 to determine an amount of 
operation of actuators and operate the actuators 
to move the permanent magnets. 

Alternatively, manually operable devices may 
be provided to adjust relative positions between the 
permanent magnets and electromagnets, to effect 
manual adjustment at a time of installation or main- 
tenance. 

A further embodiment will be described 
hereinafter. 



An unmanned transport system in this embodi- 
ment is operable automatically to transport loads 
such as semiconductor wafers in a cleanroom. As 
shown in Fig. 9, the transport system includes a 

5 guide rail B extending along a running track of 
vehicles A. Each vehicle A is magnetically levitated 
and driven by a linear motor to run along the guide 
rail B as described hereinafter. A plurality of sta- 
tions ST are arranged along the guide rail B, where 

w the vehicles A may stop for loading and unloading 
operations. 

As shown in Figs. 14 and 15, the guide rail B 
has levitating magnetic members 3 attached to 
lower surfaces of upper horizontal flanges thereof 

75 to be attracted by electromagnets acting as mag- 
netic force generating devices 2 of each vehicle A. 
The electromagnets 2 are mounted on a lower 
frame 1 of the vehicle A and distributed to four, 
front and rear and right and left, corners of the 

20 vehicle A. Each electromagnet 2 includes a U- 
shaped core 2b1 having a pair of end faces op- 
posed to one of the levitating magnetic members 3, 
and two coils 2b2 connected in series and wound 
around two bobbins mounted on the core 2b1 . 

25 A magnetic flux produced by the electromag- 

net 2 passes through a magnetic circuit including 
the core 2b1, levitating magnetic member 3, and a 
pair of gaps formed between the two end faces of 
the core 2b1 and magnetic member 3, to generate 

30 a magnetic force (attractive force) between the 
electromagnet 2 and magnetic member 3. As 
shown in Fig. 14, the levitating magnetic members 
3 are magnetized in directions substantially at right 
angles to a running direction of the vehicle A (i.e. 

35 magnetized in right and left directions). Conse- 
quently, depending on directions of the magnetic 
fluxes produced by the electromagnets 2, the mag- 
netic forces acting between the electromagnets 2 
and levitating magnetic members 3 become repul- 

40 sive forces. That is, when magnetic fluxes are 
produced in directions indicated by broken line 
arrows in Fig. 14, attractive forces are generated 
between the electromagnets 2 and levitating mag- 
netic members 3. When magnetic fluxes are pro- 

45 duced in directions opposite to the broken line 
arrows, repulsive forces are generated between the 
electromagnets 2 and levitating magnetic members 
3. 

Each electromagnet 2 includes a gap sensor 4 
so disposed centrally thereof to detect a gap between 
the vehicle A and guide rail B. The vehicle A 
includes a control device operable, in response to 
detection information received from the gap sen- 
sors 4, to control exciting currents supplied to the 
55 electromagnets 2 to control the magnetic forces of 
the electromagnets 2, thereby to control levitation 
of the vehicle A above the guide rail B. The control 
by the control device will be described later. 
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The guide rail B includes primary coils 5 
mounted in the bottom thereof. Each vehicle A 
includes a secondary conductor 6 supported by the 
lower frame 1 through a prop 6b. The primary coils 
5 and secondary conductor 6 constitute a linear 
motor for driving the vehicle A. The secondary 
conductor 6 has a magnetic plate 6a applied there- 
to. The primary coils 5 produce magnetic fields to 
act on the secondary conductor 6 and propel the 
vehicle A. 

The primary coils 5 are arranged at predeter- 
mined intervals along the guide rail B to save 
installation cost, and the vehicle A runs by inertia 
from one primary coil 5 to another. However, the 
primary coils 5 are, of necessity, arranged at and 
adjacent each station ST to decelerate the vehicle 
A to a standstill and to start and accelerate the 
vehicle A. 

The guide rail B includes stopping electromag- 
nets 7 arranged in positions opposed to each sta- 
tion ST to maintain the vehicle A at a standstill as 
magnetically levitated. The vehicle A includes stop- 
ping magnetic members 8 attached to the lower 
frame 1 to be attracted by the electromagnets 7. 
The magnetic members 8 are arranged in the front 
and rear and right and left corners of the vehicle A. 
Four electromagnets 7 are arranged in place op- 
posite the station ST to act on the respective 
magnetic members 8. 

Thus, the vehicle A is driven, under ground 
control, by the ground, primary type linear motor 
formed of the primary coils 5 and secondary con- 
ductor 6, and is stopped at each station ST and 
maintained still also under ground control. The con- 
trols of the primary coils 5 include deceleration, 
stoppage, starting and acceleration at and adjacent 
each station ST, and intermediate acceleration and 
deceleration between the stations ST. A ground 
controller effect these controls by varying direction 
and frequency of magnetic fields produced from 
the primary coils 5. 

The vehicle A has a control device 9 mounted 
thereon. As shown in Fig. 16, the control device 9 
has main functions to control, through a drive cir- 
cuit 30, the exciting current supplied to the elec- 
tromagnets 2, and to exchange information with 
each station ST through communication units 11 
and 12 by means of optical communication. The 
information exchanged includes information regard- 
ing the identification number and load conditions of 
the vehicle A, information regarding charging and 
discharging of a battery, and information regarding 
running and stoppage of the vehicle A. 

Though not shown in Fig. 16, a total of four 
drive circuits 30 are provided to drive the four 
electromagnets 2 arranged in the front and rear 
and right and left comers of the vehicle A, respec- 
tively. The control device 9 transmits information 



regarding polarity and amount of the exciting cur- 
rent to each of the four drive circuits 30. The 
control device 9 also receives detection information 
from four gap sensors 4 mentioned hereinbefore. 

5 Based on the detection information received 

from the gap sensors 4, the control device 9 ef- 
fects a feedback control to vary the exciting cur- 
rents supplied to the electromagnets 2, to secure a 
proper gap between the vehicle A and guide rail B. 

10 That is, the control device 9 causes the attractive 
forces acting between the electromagnets 2 and 
levitating magnetic members 3 to balance the 
weight of the vehicle A including a load supported 
thereon. Thus, the heavier the load is, the greater 

75 becomes the exciting currents supplied to the elec- 
tromagnets 2. 

The weight of the vehicle A changes suddenly 
when transferring a load from a station ST to the 
vehicle A or vice versa. As a result, the vehicle A 

20 undergoes transient vertical vibrations until rein- 
statement in a normal, steady state in which the 
attractive force and weight are balanced. Further, 
the vehicle A may encounter vertical vibrations due 
to some disturbance during a run, particularly when 

25 carrying no load. 

In the magnetic levitation transport system of 
this embodiment, the control device 9 effects a 
control in order to damp such vibrations quickly 
and to prevent the vehicle A from moving too close 

30 to the guide rail B and causing the electromagnets 
2 to contact Ihe levitating magnetic members 3. 
This control will be described with reference to the 
block diagram in Fig. 17. 

The control device 9 includes a comparator 

35 circuit 9a for comparing a detection value from 
each gap sensor 4 with a predetermined lower limit 
value. If the detection value is less than the lower 
limit value, that is if the vehicle A is too close to 
the guide rail B, the control device 9 operates a 

40 switch circuit 9b to apply a predetermined repul- 
sive current level to a drive circuit 30 and excite 
the electromagnet 2 with an exciting current of 
opposite polarity to normal. As a result, a magnetic 
flux is produced in the opposite direction to a 

45 broken line arrow in Fig. 14, to generate a repulsive 
force between the electromagnet 2 and levitating 
magnetic member 3. This repulsion generating cur- 
rent (i.e. the exciting current of opposite polarity) is 
a pulsed current lasting only a short time, and the 

so control device 9 presently returns to the normal 
feedback control. 

In the normal feedback control where the de- 
tection values are above the lower limit value, the 
control device 9 adjusts exciting currents of posi- 

55 tive polarity based on the detection values from the 
gap sensors 4. Specifically, an operational amplifier 
circuit 9c outputs a deviation of the detection value 
of each gap sensor 4 from a predetermined target 
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value, to the drive circuit 30 through the switch 
circuit 9b. The electromagnet 2 is excited by a 
current of positive polarity corresponding to the 
deviation. As a result, a magnetic flux is produced 
in the direction indicated by the broken line arrow 
in Fig. 14, to generate an attractive force between 
the electromagnet 2 and levitating magnetic mem- 
ber 3 which balances the weight of the vehicle A. 
This embodiment may be modified as follows: 

(1) In the described embodiment, a repulsion 
generating current level applied to the drive 
circuit 30 may be varied with reference to the 
weight of a load when the detection values of 
the gap sensors 4 are below the lower limit 
value, i.e. when the vehicle A has moved too 
close to the guide rail B. That is, vertical vibra- 
tions of the vehicle A are damped with in- 
creased speed by varying the repulsive forces 
generated between the electromagnets 2 and 
levitating magnetic members 3 according to an 
inertial force of the load. The weight of the load 
may be included in the load information commu- 
nicated from station ST to vehicle A, for exam- 
ple. 

(2) The mode of switching electrification of the 
electromagnets to switch the magnetic forces 
generated between the electromagnets and 
levitating magnetic members, between attractive 
forces and repulsive forces, is not limited to the 
polarity inversion of the exciting currents sup- 
plied to the electromagnets as in the foregoing 
embodiment. For example, each electromagnet 
may include a pair of coils wound in opposite 
directions for selective excitation. 

(3) In the foregoing embodiment, the levitating 
magnetic members 3 are magnetized in right 
and left directions normal to the running direc- 
tion of the vehicle A. Instead, the magnetic 
members may be magnetized vertically so that 
upper/lower surfaces present N/S-poles. In this 
case, each electromagnets employs an l-shaped 
core having one of the two end faces opposed 
to the levitating magnetic member. 

(4) In the foregoing embodiment, the exciting 
current for the electromagnets 2 are varied 
based on the detection information from the gap 
sensors 4, to maintain a proper gap between the 
vehicle A and guide rail B. The present invention 
is applicable to what is called a zero power 
levitation control in which the exciting currents 
for the electromagnets 2 are fed back, and the 
proper gap is varied to bring the exciting cur- 
rents to zero steady level. That is, the core 2b1 
of each electromagnet 2 is formed of a material 
attracted by a levitating magnetic member 3 in 
the form of a permanent magnet, and this attrac- 
tive force is used as a steady levitating mag- 
netic force. It is also possible to use permanent 



magnets with the electromagnets 2 to obtain 
increased steady levitating magnetic forces in 
times of zero exciting current. 
A further embodiment will be described 
5 hereinafter. 

Figs. 1 9 and 20 show a construction for levitat- 
ing a vehicle A above a guide rail B in this embodi- 
ment. The guide rail B has levitating magnetic 
members 3 attached to lower surfaces of upper 
w horizontal flanges thereof to be attracted by mag- 
netic force generating devices 2 of the vehicle A. 
The magnetic force generating devices 2 are 
mounted on a lower frame 1 of the vehicle A and 
distributed to four, front and rear and right and left, 
75 corners of the vehicle A. Each magnetic force 
generating device 2 includes a pair of electromag- 
nets 2b and a permanent magnet 2a mounted on a 
yoke between the electromagnets 2b. The elec- 
tromagnets 2b are in the form of coils connected in 
20 series and supplied with a predetermined exciting 
current. 

A magnetic flux produced by the electromag- 
nets 2b and permanent magnet 2a passes through 
a magnetic circuit including the permanent magnet 

25 2a, yoke of the electromagnets 2b, levitating mag- 
netic member 3, and a pair of gaps formed be- 
tween two end faces of the yoke and magnetic 
member 3, to generate a magnetic force (attractive 
force) between the magnetic force generating de- 

30 vice 2 and magnetic member 3. The magnetic 
force of the permanent magnet 2a and that of the 
electromagnets 2b have a mutually boosting effect 
where the permanent magnet 2a and electromag- 
nets 2b produce magnetic fluxes in the same direc- 

35 tion, but attenuate each other where the magnetic 
fluxes are produced in opposite directions. 

Thus, the attractive force acting between the 
magnetic force generating device 2 and levitating 
magnetic member 3 may he varied with respect to 

40 the magnetic force of the permanent magnet 2a by 
varying the exciting current supplied to the coils of 
electromagnets 2b between opposite polarities 
across zero. That is, the permanent magnets 2a 
are utilized to levitate the vehicle A while saving 

45 power consumed by the electromagnets 2b. This 
levitation control will be described later. 

A construction for propelling the vehicle A for- 
ward and backward along the guide rail B will be 
described next. 

so The guide rail B includes primary coils 5 

mounted in the bottom thereof, while each vehicle 
A includes a secondary conductor 6 supported by 
the lower frame 1 through a prop 6b. The primary 
coils 5 and secondary conductor 6 constitute a 

55 linear motor for driving the vehicle A. The secon- 
dary conductor 6 has a magnetic plate 6a applied 
thereto. The primary coils 5 produce magnetic 
fields to act on the secondary conductor 6 and 
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propel the vehicle A. 

The primary coils 5 are arranged at predeter- 
mined intervals along the guide rail B to save 
installation cost. The vehicle A receives a forward 
or backward thrust from a primary coil 5 when 
passing over it, and runs by inertia to a next 
primary coil 5. However, the primary coils 5 are, of 
necessity, arranged at and adjacent each station 
ST to decelerate the vehicle A to a standstill and to 
start and accelerate the vehicle A. 

The guide rail B includes stopping electromag- 
nets 7 arranged in positions opposed to each sta- 
tion ST to maintain the vehicle A at a standstill as 
magnetically levitated. The vehicle A includes stop- 
ping magnetic members 8 attached to the lower 
frame 1 to be attracted by the electromagnets 7. 
The magnetic members 8 are arranged in the front 
and rear and right and left corners of the vehicle A. 
Four electromagnets 7 are arranged in place op- 
posite the station ST to act on the respective 
magnetic members 8. 

Controls of the magnetic force generating de- 
vices 2 of the vehicle A and the primary coils 5 
acting as propelling force generating means will be 
described with reference to Fig. 18. 

As shown in Fig. 18, a levitation control device 
9 mounted on the vehicle A controls, through a 
drive circuit 30, the exciting current supplied to the 
electromagnet 2b, thereby to control the levitating 
force of the magnetic force generating device 2. 

The exciting current for the electromagnet 2b 
is fed back to the levitation control device 9 
through a current detecting circuit 13. As shown in 
Fig. 19, the vehicle A includes gap sensors 4 each 
disposed centrally of the magnetic force generating 
device 2 for detecting a gap between the vehicle A 
and guide rail B. These gap sensors 4 transmit 
detection signals to the levitation control device 9. 
Though not shown in Fig. 18, the drive circuit 30 
and current detecting circuit 31 are provided for 
each magnetic force generating device 2. 

The levitation control device 9 controls the 
exciting currents for the electromagnets 2b, i.e. the 
levitating forces of the magnetic force generating 
devices 2, based on detection information from the 
current detecting circuits 13 and gap sensors 4 
constituting a levitated state detecting device for 
detecting a difference between an actual levitated 
state and a predetermined proper levitated state. 
Specifically, the levitation control device 9 effects 
what is called a zero power levitation control to 
bring the exciting currents for the electromagnets 
2b to zero (predetermined proper level) in a steady 
state where the gap sensors 4 detect no variation 
in the gap. 

In the steady state, the vehicle A is levitated 
above the guide rail B with a gap therebetween 
determined only by the magnetic forces of the 



permanent magnets 2a. The exciting currents for 
the electromagnets 2b are varied within a very 
small range between opposite polarities across 
zero when variations occur with the above gap. 

5 In the zero power levitation control, the gap in 

the steady state is variable with variations in the 
weight of the vehicle A including a load W. When 
the weight increases, for example, the vehicle A 
first sinks to increase the gaps detected by the gap 

10 sensors 4. Then, the levitation control device 9 acts 
to increase the exciting currents for the elec- 
tromagnets 2b in a direction to compensate for the 
increase in the gaps. Even after an original gap is 
restored, the exciting currents are allowed to flow 

75 to cope with the increase in the weight. Conse- 
quently, the electromagnets 2b are excited in a 
direction to diminish the gap, to establish a steady 
state in which the exciting currents become zero 
for a smaller gap than the original gap. That is, an 

20 increase in the weight result in a diminished gap in 
the steady state. 

Thus, the detection values of the gap sensors 4 
in the steady state in which the zero power levita- 
tion is established correspond to state values vari- 

25 able with variations in the weight of the vehicle A, 
and the gap sensors 4 correspond to state value 
detecting means. The magnetic levitation transport 
system in this embodiment uses these state values 
in controlling the forward or backward propelling 

30 force applied to the vehicle A, to realize substan- 
tially constant acceleration and deceleration regard- 
less of the weight of the load W. 

Under the condition of a fixed forward or back- 
ward propelling force, acceleration (or deceleration) 

35 is variable with variations in the weight of the 
vehicle A including the load W according to New- 
ton's second law. This is undesirable since variable 
acceleration (or deceleration) time occurs before 
attaining a desired speed. Difficulties are encoun- 

40 tered particularly in controlling deceleration and 
stoppage of the vehicle A. To eliminate this incon- 
venience, the forward or backward propelling force 
is varied in proportion to the state values cor- 
responding to the weight of the vehicle A, to obtain 

45 constant acceleration (or deceleration) regardless 
of weight variations. This aspect will be described 
with reference to Fig. 18. 

As shown in Fig. 18, the state values detected 
by the gap sensors 4 acting as the state value 

50 detecting means, or more precisely state values 
the levitation control device 9 derives from the 
detection values of the gap sensors 4 in the steady 
state, are transmitted to a propelling force control 
device 59 through communication units 11 and 12. 

55 The communication units 11 and 12 are infrared 
type bidirectional communication units mounted on 
the vehicle A and the ground (such as each station 
ST), respectively. These communication units are 
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used in exchange of the identification number of 
the vehicle A, information regarding charging and 
discharging of a battery, and information regarding 
starting and stoppage of the vehicle A, as well as 
the above state values. 

The propelling force control device 59 controls 
direction and magnitude of the propelling force the 
primary coils 5 acting as propelling force generat- 
ing means apply to the vehicle A through the 
secondary conductor 6. The direction of the propel- 
ling force applied to vehicle A is switched by 
switching the direction of magnetic fields induced 
by the primary coils 5. Thus, a forward propelling 
force or backward propelling force are selectively 
applied to the passing vehicle A to accelerate or 
decelerate the vehicle A. 

Since the primary coils 5 are arranged in 
spaced relations as noted hereinbefore, it is ineffi- 
cient to accelerate or decelerate the vehicle A by 
varying frequency. Instead of varying frequency, an 
AC voltage applied to the primary coils 5 is sub- 
jected to phase control to vary effective voltage, 
thereby varying magnitude of the propelling force 
(torque). 

Propelling force control devices 59 for control- 
ling intermediate accelerating primary coils 5 ar- 
ranged between stations ST vary the effective volt- 
age in proportion to the state values (the weight of 
vehicle A and load W) transmitted from the vehicle 
A through the communication units 11 and 12. As a 
result, the magnitude of the propelling force the 
primary coils 5 apply to the vehicle A is adjusted to 
a proper value according to the weight of the load 
W. 

Similarly, a propelling force control device 59 
for controlling a decelerating primary coil 5 dis- 
posed upstream of each station ST, and a propel- 
ling force control device 59 for controlling an accel- 
erating primary coil 5 disposed immediately down- 
stream of each station ST, also vary the effective 
voltage to be applied to the primary coils 5 in 
proportion to the state values. In this way, substan- 
tially constant deceleration (or acceleration) is ob- 
tained regardless of variations in the weight of the 
load W. 

A propelling force control device 59 for control- 
ling a primary coil 5 opposed to each station ST 
effects the following control in order to cause the 
vehicle A to stop smoothly at a predetermined 
position. Though not shown in Fig. 19, the vehicle 
A includes a slit plate (referenced 56 in Fig. 18) 
elongated in the fore and aft direction and mounted 
laterally of the lower frame 1 , while the guide rail B 
includes an optical sensor (photo interrupter) 57 
having a light emitter and a light receiver defining a 
space therebetween through which the slit plate is 
movable. The slit plate defines slits for allowing 
passage of light of the optical sensor therethrough 



and non-slit portions for shielding the light, which 
are arranged alternately at fixed intervals. The slit 
plate and optical sensor 57 constitute a linear en- 
coder. 

5 A position/speed detecting device 58 included 

in a control device of each station ST derives a 
current position and current speed of the vehicle A 
from a detection signal received from the optical 
sensor 57, and applies this information to the pro- 
w pelling force control device 59. Based on the cur- 
rent position and speed of the vehicle A, the pro- 
pelling force control device 59 controls the effec- 
tive voltage applied to the primary coil 5 to slow 
down the vehicle A gradually to be at creep speed 
75 a little before a stopping position. That is, the 
effective voltage applied to the primary coil 5 is 
gradually lowered based on a distance from the 
current position to the stopping position and a 
difference between the current speed and a pre- 
20 determined proper speed. When a current position 
of the vehicle A decelerated to creep speed agrees 
with the stopping position, the stopping elec- 
tromagnets 7 mentioned hereinbefore are excited 
to hold the vehicle A at the stopping position. 
25 In the above stopping control also, the effective 

voltage applied to the primary coil 5 must be 
varied in proportion to the state values correspond- 
ing to the vehicle A including the load W. In prac- 
tice, this is achieved by varying, by degrees and 
30 according to the state values, gain in feedback 
control of the effective voltage applied to the pri- 
mary coil 5, based on a difference between the 
proper speed and current speed. 

This embodiment may be modified as follows: 
35 (1) The levitation control in the above embodi- 
ment is what is called zero power control to 
bring the exciting currents for the electromag- 
nets to zero in the steady state. The present 
invention is not limited such control, but may 
40 allow certain exciting currents to flow to the 
electromagnets in the steady state. This is a 
control for maintaining energy supplied to the 
magnetic force generating devices at a predeter- 
mined proper value. 
45 (2) The invention is applicable where a levitation 
control is effected to control the levitating force 
of the magnetic force generating devices to se- 
cure a predetermined proper gap between the 
vehicle and guide rail despite variations in the 
so weight of the load (and vehicle A). This is a case 
where the levitation control device 9 controls the 
exciting currents supplied to the electromagnets 
2b based on a difference between the predeter- 
mined proper gap and the gap detected by the 
55 gap sensors 4 acting as levitated state detecting 
means. In this case, the current detecting cir- 
cuits 13 correspond to the state value detecting 
device for detecting the levitating force of the 
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magnetic force generating device, and detect 
state values (exciting current levels) correspond- 
ing to the weight of the load (and the vehicle). 

(3) The state value detecting device for detect- 
ing state values variable with variations in the 
weight of the vehicle does not have to use the 
gap sensors 4 and current detecting circuits 13 
constituting the levitated state detecting device. 
The state value detecting device may employ 
gap sensors and the like provided specially for 
this purpose. 

(4) Instead of providing communication units 12 
for all positions where the primary coils are 
installed as in the foregoing embodiment, the 
communication units 12 may be provided only 
for the stations ST. Then, the state values trans- 
mitted from the vehicle A to each station ST 
may be transferred to the propelling force con- 
trol devices of the primary coils adjacent to this 
station ST. 

(5) The magnetic force generating devices and 
control devices therefor, and the state value 
detecting devices, may be installed on the 
ground. The present invention is applicable to 
such a case. 

(6) Instead of deriving a weight from the state 
values detected in the predetermined proper 
levitated state as in the foregoing embodiment, 
a weight may be derived from state values de- 
tected during a transitional control process to 
the predetermined proper levitated state. That 
is, a variation in the gap resulting from a unit 
amount increase in the levitating force increases 
or decreases according to a weight, and there- 
fore the weight may be derived from such vari- 
ation. 

Claims 

1. A magnetic levitation transport system com- 
prising: 

a magnetic levitation vehicle; 

lines extending through predetermined 
blocks of a running track of said vehicle to 
transmit a high frequency sine-wave current 
therethrough; 

wherein said vehicle is driven by a linear 
motor, and includes levitating magnetic force 
generating means to attract levitating magnetic 
members extending along said running track, a 
pickup coil resonant with a frequency of said 
lines to generate an electromotive force, and a 
battery chargeable by said pickup coil, said 
levitating magnetic force generating means re- 
ceiving power from said pickup coil and/or said 
battery. 



2. A magnetic levitation transport system as de- 
fined in claim 1, wherein said lines are in- 
cluded in induction line units installed in said 
predetermined blocks and extending along in- 

5 ner walls of a guide rail. 

3. A magnetic levitation transport system as de- 
fined in claim 2, wherein each of said induction 
line units includes, besides one of said lines, 

io an elongate plate-like aluminum bracket ex- 

tending along said guide rail, and pairs of 
upper and lower horizontal hungers supported 
by said bracket and arranged at predetermined 
intervals along said guide rail, and a pair of 

75 plastic ducts attached to distal ends of said 

hangers and extending along said guide rail. 

4. A magnetic levitation transport system as de- 
fined in claim 3, wherein each of said lines is a 

20 strand wire formed of thin insulated wires and 

connected to one of said duct, and covered 
with an insulator. 

5. A magnetic levitation transport system as de- 
25 fined in claim 1, wherein said levitating mag- 
netic force generating means comprises elec- 
tromagnets, said battery supplying power to 
said electromagnets in portions of said running 
track destitute of said lines. 

30 

6. A magnetic levitation transport system as de- 
fined in claim 1, wherein said levitating mag- 
netic force generating means includes elec- 
tromagnets and permanent magnets. 

35 

7. A magnetic levitation transport system as de- 
fined in claim 6, wherein said electromagnets 
and said permanent magnets are arranged op- 
posite said levitating magnetic members, re- 

40 spectively. 

8. A magnetic levitation transport system as de- 
fined in claim 7, wherein each of said perma- 
nent magnets is formed cylindrical to surround 

45 one of said electromagnets. 

9. A magnetic levitation transport system com- 
prising: 

a magnetic levitation vehicle; 

so lines extending through predetermined 

blocks of a running track of said vehicle to 
transmit a high frequency sine-wave current 
therethrough; 

wherein said vehicle is driven by a linear 

55 motor, and includes levitating magnetic force 

generating means to attract levitating magnetic 
members extending along said running track, 
control means for controlling a magnetic force 
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of said levitating magnetic force generating 
means, a pickup coil resonant with a frequency 
of said lines to generate an electromotive 
force, and a battery chargeable by said pickup 
coil, said levitating magnetic force generating 
means including electromagnets and perma- 
nent magnets, and receiving power from said 
pickup coil and/or said battery. 

10. A magnetic levitation transport system as de- 
fined in claim 9, wherein said electromagnets 
and said permanent magnets are arranged op- 
posite said levitating magnetic members, re- 
spectively. 

11. A magnetic levitation transport system as de- 
fined in claim 10, wherein each of said perma- 
nent magnets is formed cylindrical to surround 
one of said electromagnets. 

12. A magnetic levitation transport system as de- 
fined in claim 11, wherein each of said elec- 
tromagnets includes a coil mounted centrally 
of a yoke, and a pair of said cylindrical perma- 
nent magnets are fixedly mounted on said 
yoke. 

13. A magnetic levitation transport system as de- 
fined in claim 11, wherein each of said elec- 
tromagnets includes a coil mounted centrally 
of a yoke having thin opposite ends, and a pair 
of said cylindrical permanent magnets are 
fixedly mounted on said thin opposite ends. 

14. A magnetic levitation transport system as de- 
fined in claim 11, wherein a pair of said elec- 
tromagnets share a yoke having opposite ends 
defining cylindrical recesses centrally thereof 
in which said cylindrical permanent magnets 
are securely fitted, respectively. 

15. A magnetic levitation transport system as de- 
fined in claim 11, wherein a pair of said elec- 
tromagnets share a yoke having opposite ends 
defining semicylindrical cutouts in which semi- 
cylindrical permanent magnets are securely fit- 
ted, respectively. 

16. A magnetic levitation transport system as de- 
fined in claim 9, further comprising adjusting 
means for adjusting relative positions between 
said permanent magnets and said electromag- 
nets in directions toward and away from said 
levitating magnetic members. 

17. A magnetic levitation transport system as de- 
fined in claim 16, wherein said adjusting 
means is automatically operable to move said 



permanent magnets relative to said elec- 
tromagnets the closer to said levitating mag- 
netic members with the heavier load placed on 
said vehicle. 

5 

18. A magnetic levitation transport system as de- 
fined in claim 16, wherein said vehicle further 
includes gap detecting means for detecting a 
gap between said vehicle and said guide rail, 
w said control means being operable to control 

said magnetic force such that a value detected 
by said gap detecting means become a pre- 
determined value. 

75 19. A magnetic levitation transport system as de- 
fined in claim 16, wherein said vehicle further 
includes current detecting means for detecting 
the exciting currents supplied to said elec- 
tromagnets, said control means being oper- 

20 able, in response to detection information re- 

ceived from said current detecting means, to 
control said magnetic force such that said ex- 
citing currents become zero steady level. 

25 20. A magnetic levitation transport system as de- 
fined in claim 1, wherein said levitating mag- 
netic force generating means includes a plural- 
ity of electromagnets, and said levitating mag- 
netic members are magnetized substantially at 

30 right angles to a running direction of said ve- 

hicle, said vehicle further including control 
means for controlling magnetic forces of said 
electromagnets, said control means being op- 
erable to control electrification of said elec- 

35 tromagnets such that magnetic forces acting 

between said electromagnets and said levitat- 
ing magnetic members are switched between 
attractive forces and repulsive forces. 

40 21. A magnetic levitation transport system as de- 
fined in claim 20, wherein each of said elec- 
tromagnets includes a gap sensor mounted 
centrally thereof to detect a gap between said 
vehicle and said guide rail. 

45 

22. A magnetic levitation transport system as de- 
fined in claim 1 , further comprising levitated 
state detecting means for detecting a differ- 
ence between a predetermined proper levitat- 

50 ed state and an actual levitated state provided 

by a levitating force of said levitating magnetic 
force generating means, levitation control 
means operable in response to detection in- 
formation received from said levitated state 

55 detecting means to control the levitating force 

of said levitating magnetic force generating 
means, thereby to maintain said predetermined 
proper levitated state, propelling force generat- 
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ing means for applying a forward or backward 
propelling force to said vehicle along said 
guide rail, and propelling force control means 
for controlling said propelling force generating 
means. 5 



23. A magnetic levitation transport system as de- 
fined in claim 22, further comprising state val- 
ue detecting means for detecting a state value 
variable with variations in weight of said ve- 10 
hide, said propelling force control means be- 
ing operable in response to detection informa- 
tion received from said state value detecting 
means to control said forward or backward 
propelling force. 75 

24. A magnetic levitation transport system as de- 
fined in claim 22, wherein said levitated state 
detecting means is operable to detect a dif- 
ference between a predetermined proper gap 20 
and an actual gap between said vehicle and 

said guide rail, said levitation control means is 
operable to control the levitating force of said 
levitating magnetic force generating means to 
bring said actual gap to said proper gap, and 25 
said state value detecting means is operable to 
detect the levitating force of said levitating 
magnetic force generating means. 

25. A magnetic levitation transport system as de- 30 
fined in claim 22, wherein said levitated state 
detecting means is operable to detect a dif- 
ference between a predetermined proper value 

and energy supplied to said levitating magnetic 
force generating means, and variations in a 35 
gap between said vehicle and said guide rail, 
said levitation control means is operable to 
control the levitating force of said levitating 
magnetic force generating means to bring said 
energy supplied to said magnetic force gen- 40 
erating means to said predetermined proper 
value in the absence of variations in said gap, 
and said state value detecting means is op- 
erable to detect said gap. 

45 

26. A magnetic levitation transport system as de- 
fined in claim 22, wherein said levitated state 
detecting means includes current detecting cir- 
cuits and gap sensors, the levitating force of 

said magnetic force generating means being so 
controllable based on detection information 
from said gap sensors. 
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(57) Abstract 

In a synchronous linear motor, a field of travelling waves is gen- 
erated in individual sections (SA, SB, SC) of a long stator opposite to 
an exciter part (EE) located on a vehicle. The field of travelling waves 
cooperates with the field generated in the exciter winding (EE) by di- 
rect current supply, so as to move forward the vehicle. The alternative 
current supplied to the stator section in order to generate the field of 
travelling waves induces practically no voltage in the exciter winding. 
In order to ensure an inductive energy transfer, a higher-frequency alt- 
ernative current is superimposed on the alternative current available to 
generate the field of travelling waves. The higher-frequency alternative 
current induces a high-frequency voltage in the exciter winding that 
can be considered as the secondary winding of a transformer comprising the stator winding and the exciter winding. The high-fre- 
quency voltage can be decoupled by means of a passive or active rectifier (GE). This energy is available for auxiliary devices ar- 
ranged in the vehicle and/or for supplying direct current to the exciter winding (EE). 



WB 
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(57) Zusammenfassung 

Bei einem Synchron-Linearmotor wird in einem Langstator in einzelnen Abschnitten (SA, SB, SC) gegeniiberliegend ei- 
nem an einem Fahrzeug befindlichen Erregerteil (EE) ein Wanderfeld erzeugt, welches mit dem durch Gleichstromeinspeisung in 
die Erregerwicklung (EE) erzeugten Feld unter Vortrieb des Fahrzeugs zusammenwirkt. Dabei wird von dem zur Erzeugung des 
Wanderfelds in den Statorabschnitt eingespeisten Wechselstrom praktisch keine Spannung in der Erregerwicklung induziert. Zur 
induktiven Energieiibertragung wird dem zur Erzeugung des Wanderfelds vorhandenen Wechselstrom ein hoherfrequenter Wech- 
selstrom iiberlagert, der in der Erregerwicklung, die als Sekundarwicklung eines die Statorwicklung und die Erregerwicklung urn- 
fassenden Transformators betrachtet werden kann, eine hochfrequente Spannung induziert, die tiber einen passiven oder aktiven 
Gleichrichter (GE) auskoppelbar ist. Diese Energie steht fur Hilfseinrichtungen am Fahrzeug und/oder die Einspeisung von 
Gleichstrom in die Erregerwicklung (EE) zur Verfiigung. 
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Synchr on- Linear ant rieb mit elektromagnetischer 
Energieiibertragung 



Die Erfindung betrifft einen Synchron-Linearantrieb , mit 
einem vorzugsweise als an Fahrweg angeordneter Langstator 
ausgebildeten Stator mit Statorwicklungen zur Erzeugung 
eines Wanderfeldes fur den Antrieb des bewegten Teils, 
und einem vorzugsweise am bewegten Teil vorhandenen 
Erregerteil mit gleichstromgespeister Erregerwicklung. 

Synchron-Linearantriebe sind seit langerer Zeit 
bekannt (z.B. DE 22 57 773 C2) . Der Stator ist hierbei 
ublicherweise als sogenannter Langstator ausgebildet, 
wahrend das bewegte Teil, ublicherweise ein Fahrzeug 
zum Transport von Personen und/oder Giitern, eine 
Erregerwicklung tragt, in die ein Gleichstrom gespeist 
wird. Der Antrieb erfolgt mittels des in dem 
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Langstator erzeugten Wanderf eldes . Hierzu wird der 
Langstator vorzugsweise in Abschnitte mit mehrphasigen 
Wicklungen oder ortlich aufeinanderfolgenden Einphasen- 
wicklungen unterteilt. Die Stromversorgung der 
Statorabschnitte erfolgt uber Umrichter. 

Die am Fahrzeug bef indliche Erregerwicklung wird 
mit Gleichstrom gespeist. 

Die oben geschilderte Anordnung lafit sich auch umkehren, 
so daB am bewegten Teil der Statoranfiihrung zur 
Bereitstellung des den Vortrieb bewirkenden Wander- 
feldes und die gleichstromgespeiste Erregerwicklung 
am Fahrweg angeordnet ist. Im folgenden soil aber 
zum einfachen Verstandnis stets davon ausgegangen 
werden, daB der Stator als ortsfester Langstator 
ausgebildet ist, wahrend sich der Erregerteil am 
bewegten Fahrzeug befindet. 

Das Fahrzeug muB zur Bereitstellung des Erregerf eldes 
mit Energie versorgt werden. Die Energieversorgung 
kann uber einen Schleifkontakt erfolgen, zu bevor- 
zugen ist jedoch eine kontaktfreie Energieubertragung. 

Es sind verschiedene Anordnungen fur die beruhrungs- 
lose elektrische Energieubertragung mittels induktiv 
gekoppelter Wicklungen bekannt. Diese Energieuber- 
tragungseinrichtungen kann man als aufgeschnittenen 
Transformator betrachten, wobei jeweils eine 
Wicklung auf dem ortsfesten bzw. dem bewegten Teil 
vorhanden ist. Zwischen den relativ zueinander 
bewegten Teilen existiert zwangslaufig ein Luft- 
spalt, der naturgemaB eine Verschlechterung der 
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fiir die Leistung kennzeichnenden Datenwerte bedingt, 
verglichen mit einem herkommlichen Transformator. 
Die Hauptinduktivitat bei der induktiven Kopplung 
zwischen ortsfestem und bewegtem Teil ist ver- 
haltnismaBig klein, die Streuindusktivitaten hin- 
gegen sind sehr groB. Dadurch ergibt sich ein 
relativ hoher Blindleistungsanteil. 

Der bei einem Linearantrieb der hier in Rede 
stehenden Art ublicherweise notwendige Aufwand 
fur eine herkommliche induktive Energieiibertragung 
zwischen Fahrweg und bewegtem Teil ist betrachtlich. 

Der Erfindung liegt die Aufgabe zugrunde, einen 
Synchron-Linearantrieb der eingangs genannten Art 
anzugeben, bei dem mit vergleichsweise geringem 
zusatzlichen Aufwand elektrische Energie auf das 
bewegte Teil ubertragen werden kann, wobei diese 
Energie entweder zur Bereitstellung des Gleich- 
stroms fiir die Erregerwicklung oder fur Zusatz- 
einrichtungen an dem bewegten Teil oder fur beide 
Zwecke vorgesehen sein soil. 

Bei einem Synchron-Linearantrieb der eingangs 
genannten Art wird diese Aufgabe erfindungsgemaB 
gelost durch Mittel, mit denen dem in die Stator- 
wicklungen eingespeisten, zur Vortriebskraft- 
erzeugung dienenden Wechselstrom ein hoher- 
frequenter Wechselstrom uberlagert wird, und eine 
am Erregerteil vorgesehene Einrichtung zum 
* Auskoppeln der von dem hoher freguenten Wechsel- 

strom in der Erregerwicklung induzierten Energie, 
oder Mittel, mit denen dem in die Erregerwicklung 
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eingespeisten Gleichstrom ein hoherfreguenter 
Wechselstrom uberlagert wird, und eine am Stator 
vorgesehene Einrichtung zum Auskoppeln der von 
dem hoherfreguenten Wechselstrom induzierten 
Energie. 

Der Begriff "hoherfreguenf • bedeutet hier, daB die 
Freguenz dieses hoherfreguenten Wechselstroms wesent- 
lich groBer ist als die Freguenz des zur Vortriebskraft- 
erzeugung eingespeisten Wechselstroms. Die "hohere- 
Freguenz ist beispielsweise um das 10-fache 
hoher als die Freguenz des Antriebs-Wechselstroms . 

Synchron-Linearmotoren mit an dem bewegten Teil 
befindlicher Erregerwicklung haben die Eigenschaft, 
daB am Fahrzeug selbst keine Antriebs-Energiever- 
sorgung benotigt wird. Die fur den Antrieb des 
bewegten Teils erforderliche Energie wird in die 
Statorwicklung eingespeist. In die Erregerwicklung am 
bewegten Teil muB lediglich die zur Erregung erforder- 
liche Energie eingespeist werden. Erf indungsgemaB 
nutzt man die bei einem Synchron-Linearmotoren ohne- 
hin vorhandenen Grundelemente auch fur die tibertragung 
von Energie mit aus. 

Bekanntlich wird bei einem Synchron-Linearmotor 
im Stator ein mehrphasiger Drehstrom Oder mehrere 
einphasige, zueinander phasenversetzte Wechsel- 
strome benotigt, die in die Wicklung bzw. Wicklungen 
eingespeist werden, um ein Wanderfeld fur den 
Vortrieb des Fahrzeugs zu erzeugen. Diesem Wechsel- 
strom wird erf indungsgemaB der hoherfreguente 
Wechselstrom uberlagert. Er wird von den ohnehin 
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vorhandenen Einrichtungen fur die Einspeisung des 
Statorstroms bereitgestellt. 

4 

Von dem zur Vortriebskraft erzeugten Wanderfeld wird 
in der Erregerwicklung keine Spannung induziert. 
Lediglich der hoherf requente Wechselstrom wirkt 
trans formatorisch auf die Erregerwicklung. Damit 
kann aus der Erregerwicklung Energie ausgekoppelt 
werden. Diese Energie kann - wie gesagt - zur 
Einspeisung von Gleichstrom in die Erregerwicklung ge- 
nutzt werden, und/oder man kann mit der aus der Erreger- 
wicklung ausgekoppelten Energie andere Einrichtungen 
am Fahrzeug speisen. 

Durch den hoherf requenten Stromanteil ergeben sich 
entsprechenden Anderungen des Induktionsflusses 
durch die Erregerwicklung. 

Bei einem Synchron-Linearmotor werden erf indungs- 
gemaB als Mittel zur Einspeisung des hoherf requenten 
Wechselstroms die zur Statorstromeinspeisung 
ohnehin vorhandenen Wechsselrichteranordnungen 
verwendet . 

Wenn sich das bewegte Teil des Synchron-Linear- 
antriebs, im folgenden auch als "Fahrzeug" bezeichnet, 
entlang dem Langstator bewegt, befindet sich die 
Erregerwicklung des Fahrzeugs stets in einer neuen 
Lage gegenuber dem Stator. Es existiert also eine 
periodische Kopplung zwischen der Statorwicklung 
* und der Erregerwicklung. Die viblichen Synchron- 

Linearantriebe sind aber ohnehin mit einer mehr- 
phasigen Statorwicklung versehen, damit der Antrieb 
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praktisch in jeder beliebigen Position des Fahrzeugs 
wirksam und gleichmaBig ist. Damit ist es erfindungs- 
gemaB auch moglich, eine unterbrechungsfreie Energie- 
ubertragung entlang dem mehrphasige Statorwicklungen 
tragenden Stator zu erhalten. 

Nach jeder Bewegung des Fahrzeugs urn einen der 
Phasenzahl entsprechenden Bruchteil der Polteilung 
des Stators existiert eine optimale Kopplung zwischen 
einer Phasenwicklung und der Erregerwicklung . Es ist 
also praktisch zu jedem Zeitpunkt uber eine der 
Phasenwicklungen eine Energieubertragung moglich. 

Zum Einstellen des Statorstroms sind ublicherweise 
Wechselrichter vorhanden, die abhangig von der Lage 
des Fahrzeugs einzelne Abschnitte des Stators 
versorgen. Erf indungsgemaB werden diese Wechsel- 
richter auch zur Einspeisung des hoherfrequenten 
Wechselstroms verwendet. Wie oben erwahnt, sind 
bei ublichen • Synchron-Linearantrieben mehrere 
Statorabschnitte vorgesehen, so daB lediglich nur 
in den Statorabschnitt Strom eingespeist wird, 
in welchem sich das Fahrzeug befindet. Erf indungs- 
gemaB sind nun die einzelnen Abschnitte vorzugs- 
weise nicht langer als der Erregerabschnitt des 
bewegten Teils (Fahrzeugs) . Ist der Statorabschnitt 
wesentlich langer als der Erregerabschnitt, so 
sinkt r bei vorgegebener maximaler Blindleistung, 
die ubertragene Nutzleistung. Eine gunstige Energie- 
ubertragung ergibt sich dann, wenn man eine Einzel- 
speisung von hinreichend kurzen Statorabschnitten 
vorsieht, so daB der nicht vom Erregerteil uber- 
lappte Langenabschnitt nur geringen EinfluB auf die 
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Energieubertragung hat. 

Nach der ersten Alternative wird also der hoherfre- 
quente Wechselstrom dem Antriebs-Wechselstrom iiber- 
lagert. Alternativ wird der hdherfrequente Wechsel- 
strom dem in die Erregerwicklung eingespeisten Gleich- 
strom iiberlagert, wobei dann die Einrichtung zum Aus- 
koppeln der uber den hoherfrequenten Wechselstrom 
induzierten Energie am Stator vorgesehen ist. Die 
Erregerwicklung kann an der Strecke vorgesehen sein, 
wahrend der Stator sich am Fahrzeug befindet. In 
letztgenanntem Fall umfassen die Mittel zur Einspeisung 
oder Auskopplung des hoherfrequenten Wechselstroms die 
zur Erregerstromeinspeisung vorgesehene Pulsstromrichter- 
anordnung . 

Im Erregerteil sind zur Fuhrung des magnetischen 
Flusses zweckmafiigerweise Eisenelemente vorgesehen. 
Um Wirbelstromverluste zu vermeiden, werden diese 
Eisenelemente. z.B. als geblechte Elemente ausgefiihrt. 

Ausgehend von dem Zustand, bei dem in der Erreger- 
wicklung durch den hoherfrequenten Wechselstromanteil 
im Stator eine Spannung induziert ist, muB die einge- 
koppelte Energie aus der Erregerwicklung am Fahrzeug 
ausgekoppelt werden. 

Hierzu sieht die Erfindung in einer ersten, passiven, 
Anordnung vor, daB zum Auskoppeln im Erregerteil eine 
Gleichrichteranordnung vorgesehen ist, und daB 
* gegebenenfalls zur Einspeisung des Erregergleichstroms 

ein Stellglied vorgesehen ist. Es handelt sich im 
Prinzip um einen iiblichen Gleichrichter. Die jetzt 
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auf der Erregerseite erforderliciie Blindleistung, 
bedingt durch sekundarseitige Streuinduktivitaten und 
anteilige Hauptinduktivitat, von der Seite des Stators 
bereitgestellt und uber den Luftspalt tibertragen 
werden. 

Es ist effizienter, die erregerseitig er f order liche 
Blindleistung auch auf der Seite des Erregers zu 
erzeugen. Bezogen auf das Bild des aufgeschnittenen 
Transformators heiBt dies, daS Blindleistung anteilig 
sekundarseitig erzeugt werden soil, um den Gesamt- 
Blindleistungsanteil zu minimieren . Im Extremfall wird 
unter Inkaufnahme erhdhter Gesamtbl indie istung die 
Blindleistung ausschliefllich erregerseitig erzeugt. 
Dadurch reduziert man den streckenseitigen Installations- 
aufwand. 

Eine dieses leistende Auskoppeleinrichtung auf der 
Seite des Erregerteils enthalt einen Pulsstromrichter 
zur Einstellung des Erregergleichstroms . Dies bedeutet 
im Gegensatz zu der oben angesprochenen passiven 
Gleichrichtung eine "aktive" Gleichrichtung. Der 
Pulsstromrichter ubernimmt sowohl die Gleichrichtung 
des induzierten hoherfrequenten Stromanteils als 
auch die Einstellung des Gleichstroms , der in die 
Erregerwicklung eingespeist wird. 

Der fur die Energieubertragung benotigte, hoherfreguente 
Wechselstrom wird durch das Zwischentakten des Wechsel- 
richters erzeugt. Hierbei ist zu beachten, daB das von 
dem Pulsstromrichter bewirkte Zwischentakten synchron 
und phasenrichtig zu der von der Statorseite induzierten 
Spannung ist. 
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ErfindungsgemaB erfolgt die Einspeisung des hoher- 
frequenten Wechselstroms in die Statorwicklungen 
mit einer urn 180° umschaltbaren Phasenlage. Bei 
einer einphasigen, von einem Stromrichter gespeisten 
Erregerwicklung muB der hoherfrequente Wechselstrom 
gleichphasig auf die Erregerwicklung wirken, damit 
keine gegenseitige Ausldschung stattfindet. Bei 
jedem Polwechsel im Erregerteil muB der hoherfrequente 
Wechselstrom der Statorwicklung in der Phase urn 180" 
gedreht werden. Dann aber sind Frequenz und Phasenlage 
der Spannungen in der Erregerwicklung unabhangig 
von der Bewegung des Fahrzeugs gegeniiber dem Stator. 

In der Erregerwicklung addieren sich die hoherfre- 
quenten Anteile aus raumlich versetzten und ver- 
schiedene Phasen aufweisenden Statorwicklungen. 
Damit erfolgt eine liickenlose Energieubertragung . 

Durch die aktive Gleichrichtung am Erregerteil laBt 

sich die FluBrichtung der Leistung umkehren, d. h. 

man kann Energie vom Fahrzeug in den Stator einkoppeln. 

Grundsatzlich laBt sich die zu iibertragende Wirk- 
leistung durch entsprechende Einstellung des Phasen- 
winkels zwischen der erregerseitigen Taktfrequenz 
und der statorseitigen Taktfrequenz einstellen. 

Wie oben ausgefiihrt, erfolgt die Energieubertragung 
bei einem Synchron-Linearmotor durch hoherfrequenten 
Wechselstrom vom Stator auf die Erregerwicklung im 
bewegten Teil (Fahrzeug) . Hierzu werden statorseitig 
die ohnehin vorhandenen Einzelwicklungen oder 
Mehrphasen-Wicklungen und die zu einzelnen Stator- 
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abschnitten geiiorigen Wecfaselrichteranordnungen 
verwendet. Daruber hinaus kann man auch gesonderte 
Stromrichter, Generatoren und dergleichen vorsehen, 
die unabhangig von den fur den Antrieb vorhandenen 
Bauteilen sind. 

Durch die Erfindung ist also eine vom Stator zum 
Erregerteil oder xmgekehrt gerichtete Leistungs- 
ubertragtmg moglich, wobei vorzugsweise die fiir 
den Antrieb ohnehin vorhandenen Bauelemente genutzt 
werden. 
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Im folgenden wird ein Ausfuhrungsbeispiel der 
Erfindung anhand der Zeichnung naher erlautert. 
Es zeigen: 



Figur 1 



eine schematische Darstellung des Strom- 
verlaufs in der Statorwicklung und der 
Erregerwicklung eines Synchron-Linear- 
motors 



Figur 2 



eine schematische Darstellung eines 



Erregerteils am Fahrzeug eines Synchron- 
Linearantriebs sowie eines dem Erreger- 
teil gegenuberliegenden Statorabschnitts 



Figur 3 



ein Prinzipschaltbild eines Synchron- 
Linearmotors mit einer Einrichtung zum 
induktiven Einspeisen von Energie in 
den Erregerteil 



Figur 3 zeigt schematisch die Anordnung eines Synchron- 
Linearantriebs mit einem unterhalb der gestrichelten 
Linie allgemein dargestellten Langstator S, bestehend 
aus mehreren hintereinander angegeordneten Statorab- 
schnitten mit jeweils einer Statorwicklung SA, SB und 
SC, die ihrerseits jeweils mit einem Wechselrichter WA, 
WB bzw. WC verbunden sind. Die Wechselrichter werden 
von einer Energieversorgung EV uber einen Zwischen- 
kreis ZK gespeist. Dabei werden die Statorwicklungen 
der einzelnen Abschnitte von einer nicht dargestellten 
Steuerung derart angesteuert, daB lediglich die 
Statorwicklung mit Strom gespeist wird, uber der sich 
die Erregerwicklung EE des Fahrzeugs befindet. Im 
Erregerteil ist die Erregerwicklung EE an einen 
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Gleichrichter GE angeschlossen, an dessen Ausgang 
Energie ausgekoppelt werden kann. Diese Energie 
stent fur verschiedene Hilfseinrichtungen am Fahrzeug 
des Synchron-Linearantriebs zur Verfugung. 
Alternativ oder zusatzlich steht die in die Erreger- 
wicklung EE induktiv eingekoppelte Energie als 
Speiseenergie fur die Erregerwicklung zur Verfugung. 

Zur Erregung wird in die Erregerwicklung ein Gleich- 
strom eingespeist. Das Wanderfeld wird durch die 
Einzelwicklung des Stators, also hier die Stator- 
wicklungen SA, SB und SC, erzeugt. 

Die Wechselrichter WA, WB und WC sowie die 
daran angeschlossene, nicht dargestellte Steuerung 
bewirken auBer der Erzeugung eines Wanderfelds, 
daB dem zur Erzeugung des Wanderfelds dienenden, 
eine relativ niedrige Frequenz aufweisenden 
wechselstrom ein hoherfrequenter Wechselstrom 
uberlagert wird. Wahrend der niederfreguente 
Wechselstrom lediglich zur Bereitstellung der 
Energie fur die Vortriebskraft dient, in der 
Erregerwicklung EE jedoch keine Spannung indu- 
ziert, dient der hoherfrequente Wechselstromanteil 
zum Induzieren einer Spannung in der Erreger- 
wicklung EE, die man als Sekundarwicklung eines 
Transformator betrachten kann, der aus jeweils 
einer Statorwicklung, hier der Statorwicklung SB, 
und der Erregerwicklung EE sowie dem dazwischen 
befindlichen Luftspalt besteht. 
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Figur 1 zeigt den Stromverlauf in der Stator- 
wicklung (unterer Verlauf) und in der Erreger- 
wicklung (oberer Verlauf) . Man erkennt, daB 
dem niederfrequenten Wechselstrom, der fur 
den Vortrieb in die einzelnen Statorwicklungen 
eingespeist wird, ein hdherfrequenter Wechsel- 
strom uberlagert ist. Dieser hoherfrequente 
Wechselstrom sorgt fur die induktive Einkopplung 
von Energie in die Erregerwicklung . Dort wird 
ein Wechselstrom induziert, der lediglich durch 
die Grundwelle des zur Erzeugung des Wander- 
feldes bereitgestellten, niederfrequenten Wechsel- 
stroms verstimmt ist. 

Figur 2 zeigt schematisch einen Teil des Stators S 
und den Erregerteil E. Der Erregerteil wird in 
Figur 2 nach links bewegt, indem im Stator S ein 
Wanderfeld und im Erregerteil ein statisches 
Magnetfeld durch Gleichstromeinspeisung erzeugt wird. 

Gemafl der Darstellung in Figur 2 stehen sich am 
Erregerteil ein Pol El und am Stator ein Pol S2 
gegemiber. In diesem Bereich erfolgt eine optimale 
Einkopplung des hoherfrequenten Anteils seitens 
des Stators in die Erregerwicklung. Es erfolgt 
auch eine Kopplung zwischen SI und E2 , 
diese ist jedoch schwacher, wird aber mit 
zunehmender Annaherung zwischen SI und E2 starker. 
Durch positionsabhangige Phasenumschaltung des 
hoherfrequenten, zur Energieubertragung dienenden 
Wechselstroms wird erreicht, daB in der Erreger- 
wicklung stets ein gleichphasiger Wechselstrom 
induziert wird, sich die Anteile aus den einzelnen 
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Bereichen also addieren. 

Die in Figur 2 dargestellten Elemente sind bei 
einem ublichen Synchron-Lineanaotor ohnehin vor- 
handen. 

In einer abgewandelten Ausfuhrungsform der Erfindung 
konnen zusatzlich zu den bei einem Synchron-Linear- 
motor ohnehin vorhandenen Elementen zusatzliche 
Wicklungen vorgesehen sein, insbesondere Wicklungen 
am Erregerteil. 

Der in Figur 3 schematisch dargestellte Gleichrichter 
GE dient als sogenannter aktiver Gleichrichter. 
AuBer der Funktion, den hoherfreguenten Wechselstrom, 
der in die Erregerwicklung induziert wird, gleich- 
zurichten, hat der Gleichrichter auBerdem noch die 
Funktion, den in die Erregerwicklung einzuspeisenden 
Gleichstrom einzustellen. Durch entsprechende Ein- 
stellung des .Energieflusses laBt sich auch eine 
umgekehrte Energieubertragung erreichen, also eine 
iibertragung von Energie von dem Erregerteil E in den 
Stator S. 

Bei einer we iter en Ausfuhrungsform der Erfindung 
sind die oben erlauterten und in Figur 3 skizzierten 
Verhaltnisse umgekehrt: Der "Stator" befindet sich 
am Fahrzeug, wahrend sich an der Strecke Erreger- 
wicklungen befinden. Das Wanderfeld wird dann am 
Fahrzeug erzeugt. 
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Patentansoruche 

1. Synchron-Linearantrieb, mit einem vorzugsweise 
als am Fahrweg angeordneter Langstator ausge- 

bildeten Stator mit Statorwicklungen zur Erzeugung 
eines Wanderfeldes fur den Antrieb des beewegten 
Teils, und einem vorzugsweise am bewegten Teil 
vorhandenen Erregerteil mit gleichstromgespeister 
Erregerwicklung (EE) , 
gekennzeichnet durch 
Mittel (WA, WB, WC) , mit denen dem in die Stator- 
wicklungen (SA, SB, SC) eingespeisten , zur Vor- 
triebskrafterzeugung dienenden Wechselstrom ein 
hoherfrequenter Wechselstrom uberlagert wird, 
und eine am Erregerteil vorgesehene Einrichtung 
(GE, T) zum Auskoppeln der von dem hoherfrequenten 
Wechselstrom in der Erregerwicklung induzierten 
Energie, oder Mittel, mit denen dem in die Erreger- 
wicklung eingespeisten Gleichstrom ein hoherfrequenter 
Wechselstrom uberlagert wird, und eine am Stator vor- 
gesehene Einrichtung zum Auskoppeln der von dem hoher- 
frequenten Wechselstrom induzierten Energie. 

2. Synchron-Linearantrieb nach Anspruch 1, bei dem die 
Mittel zur Einspeisung oder Auskopplung des hoher- 
frequenten Wechselstroms die zur Statorstromein- 
speisung vorgesehene Wechselrichteranordnung 

(WA, WB, WC) umfassen. 

3. Synchron-Linearantrieb nach Anspruch 1, bei dem die 
Mittel zur Einspeisung oder Auskopplung des hoher- 
frequenten Wechselstroms die zur Erregerstromeinspeisung 
vorgesehene Pulsstromrichteranordnung umfassen. 
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4. synchron-Linearantrieb nach Anspruch 1, 2 ader 3, 
bei dem in dem Stator abschnittsweise dort, 

wo sich die Erregerwicklung (EE) befindet, Strom 
eingespeist wird, wobei die einzelnen Abschnitte 
(SA, SB, SC) vorzugsweise hinreichend kurz sind, so 
daB der nicht vom Erregerteil uberlappte Langenab- 
schnitt nur geringen EinfluB auf die Energieubertragung 
hat. 

5. synchron-Linearantrieb nach einem der Anspruche 
1 bis 4, 

dadurch gekennzeichnet, 
daB die in der Erregerwicklung (EE) durch den 
hoherfrequenten Wechselstrom induzierte Energie 
zur Gleichstromspeisung der Erregerwicklung (EE) 
verwendet wird. 

6. Synchron-Linearantrieb nach einem der Anspruche 
1 bis 5, 

dadurch gekennzeichnet, 
daB die in der Erregerwicklung durch den hoher- 
frequenten Wechselstrom induzierte Energie zur 
Versorgung von an dem bewegten Teil befindlichen 
Hilfseinrichtungen verwendet wird. 

7. synchron-Linearantrieb nach Anspruch 1 und 3, 
dadurch gekennzeichnet, 

daB die durch den hoherfrequenten Wechselstrom in den 
Stator induzierte Energie zur Erzeugung des Wander- 
feldstroms verwendet wird. 
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8. Synchron-Linearantrieb nach einem der Anspriiche 
1 bis 7, 

dadurch gekennzeichnet, 
daB zur Auskopplung im Erregerteil eine Gleich- 
richteranordnung (GE) vorgesehen ist, und daB zur 
Einspeisung des Erregergleichstroms ein Stellglied 
vorgesehen ist. 

9. Synchron-Linearantrieb nach einem der Anspriiche 
1 bis 7, 

dadurch gekennzeichnet, 
daB zur Auskopplung im Erregerteil ein Pulsstrom- 
richter vorgesehen ist, der den hoherf requenten 
induzierten Stromanteil gleichrichtet und den 
Gleichstrom fur die Erregerwicklung einstellt. 

10. Synchron-Linearantrieb nach einem der Anspriiche 
1 bis 9, 

dadurch gekennzeichnet, 
daB die Einspeisung des hoherfrequenten Wechsel- 
stroms in die Statorwicklungen (SA, SB, SC) mit 
einer 180°-Phasenumschaltung erfolgt. 

11. Synchron-Lineannotor nach einem der Anspriiche 
1 bis 10, 

dadurch gekennzeichnet, 

daB die Auskoppeleinrichtung an die Erregerwicklung 

angeschlossen ist. 

12. Synchron-Linearantrieb nach einem der Anspriiche 
1 bis 10, 

dadurch gekennzeichnet, 

daB im Erregerteil zusatzliche Wicklungen fur die 
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induktive Energieubertragung vorhanden sind. 

13. synchron-Linearnantrieb nach einem der Anspruche 
1 bis 12, 

dadurch gekennzeich.net, 
daB am Stator zusatzliche Speise- und Kuppelvor- 
richtungen fur die Energieubertragung vorhanden sind. 



12/19/2008, EAST Version: 2.3.0.3 



WO 93/02888 



PCT/EP92/01804 



Ah 



Erregerwicklung 





E 

4- 




E7 



IiJJ^LE^lEi_ 

-J 



FI6.2 



s 



E 
S 



-BE 



WA- 



FIG.3 



ZK- 



-sc 



T 



WB 



EV- 



-WC 



12/19/2008, EAST Version: 2.3.0.3 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/ EP 92/01804 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI. 5 B60L13/02; B60L15/00 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI. 5 B60L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P.A 



IEEE TRANSACTIONS ON MAGNETICS 

Vol. 28, No. 1, January 1992, NEW YORK US 

pages 474 - 477, XP000258042 

M.SHIBATA ET AL. 'On-Board Power Supply System 

of a Magnetically Levitated Vehicle' 

see the whole document 

DE, A, 2 257 773 (WEH HERBERT) 
30 May 1974 

cited in the application 
see page 12 - page 13 

DE, A, 2 423 579 (SIEMENS AG) 
27 November 1975 
see page 4 - page 8 



1,6 



; ] Further documents are listed in the continuation of Box C. ':""] See patent family annex. 



' Special categories of cited documents: 

'A" document defini ng the general state of the art which is not considered 
to be of particular relevance 

'E" earlierdocumentbutpublishedonoraftertheinteraational Glingdate 

'L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

'0" document referring to an oral disclosure, use, exhibition or other 
means 

P" document published prior to the international filing date but later than 
the priority date claimed 



"T" later document published after the international filing dateor priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with oneor more other such documents, such combination 
being obvious to a person skilled in the art 

"&" document member of the same patent family 



Date of the actual completion of the international search 

1 October 1992 (01.10.92) 


Date of mailing of the international search report 

27 October 1992 (27.10.92) 


Name and mailing address of the ISA/ 

EUROPEAN PATENT OFFICE 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 

12/19/2008, EAST Version: 2.3.0.3 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/EP 92/01804 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JOURNAL OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS 

Vol. 121, No. 11R, November 1974, STEVENAGE GB 
pages T224 - 1248 

A.J.ELLISON ET AL. 'Surface-guided transport 

systems of the future 1 

see page 1238, paragraph 5.2 

see page 1240, paragraph 6 


1 



Form PCT/ISAJ210 (continuation of second sheet) (July 1992) 



12/19/2008, EAST Version: 2.3.0.3 



9201804 
63096 



This »nn« lists the patent family members relating to the patent documents cited in the above-mentioned international search report. 



Patent document 
cited in search report 



Publication 
date 



Patent family 
membcrfs) 



DE-A-2257773 



DE-A-2423579 



30-05-74 
27-11-75 



None 



None 



i 

I . 

I For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



12/19/2008, EAST Version: 2.3.0.3 



INTHRNATIONALER RECHERCHENBERICHT PC T/EP 92/01804 

Internationales Akt«ozdcfacn 



I. KLASSIF1KAT1QN PES ANMELDUNGSGEGENSTANDS (bei mehrerer, KlaBifikatfonssymboicn sind alle anzugeben)' 
Nach der Internationalen PatentkiassifUtation (IPQ oder nach der nationalen Klassiflkation und der IPC 



Int.Kl. 5 B60L13/02; 



B60L15/00 



0. RECHERCHIERTE SACHGEBIETE 



Recherchierter Mindestprlifstoff ■ 



atioassytem 



Hassifikationssymbole 



Int.Kl. 5 



B60L 



Rechercbierte nicfat ma Mlndestprufstoff gehtirende Verttffentllchungen, sowdt dies* 
unter die rechertWertenSachgebleie fallen 1 



m. ELNSCHLAGIGE VEROFFENTUCHUNGEN ' 



Kennzeichnung der Veroffentlichung 



" , soweit erforderlich unter Angabe der maugeblichcn Telle" 



Bar. Anspruch Nr. u 



P,A 



IEEE TRANSACTIONS ON MAGNETICS 

Bd. 28, Nr. 1, Januar 1992, NEW YORK US 

Seiten 474 - 477 , XP000258042 

M.SHIBATA ET AL. 'On-Board Power Supply 

System of a Magnetically Levitated 

Vehicle' 

siehe das ganze Dokument 

DE,A,2 257 773 (WEH HERBERT) 
30. Mai 1974 
in der Anmeldung erwahnt 
siehe Seite 12 - Seite 13 

DE.A.2 423 579 (SIEMENS AG) 
27. November 1975 
siehe Seite 4 - Seite 8 



1,6 



-/" 



° Besondere Kategorien von angegebeoen VerOffeatUchungen 10 : 

*A* Veroffentlichung, die den allgemeinen Stand der TechnJk 
definiert, aber nlcht als besonders bedeutsam anzusenen 1st 

*E* Uteres Dokument, das Jedoch erst am oder nach dem interaa- 
tjonalen Anmeidedatum verttffentllcht word en ist 

If VerWfentlichung, die geeignet ist, einen PrioritarMipruch 
zwerfdhaft erscheinen zn lassen, oder durcb die das Verof- 
fentlicbungsdariim einer anderen im Recherea en benefit ge- 
nannten Veroffentlichung belegt werden soli oder die auseinem 
anderen besonderen Grand angegeben ist (wie ausgefunrt) 

"O" VerSfTentlichung, die rich auf eine mUndlicbe Offenbarung, 
eine Benutzung, one Ausstdlung oder andcre MaBnahmen 
beziebt 

*V Vertffentliehuntr, die vor dem internationalen Anmeldeda- ^ 
turn, aber nach dem beanspruchten Prioritatsdatum veroffent- 
licht worden ist ■* 



*T Snatere Veroffentlichung, die nach dem internattonaien An- 
m^drfatumod™ dem Prioritatsdatiim veroffentlicht wordeo 
Ist und mit der Anmeldung nlcht kollidiert, sondernnur mm 
VersBndnis des der Erfindung zugrundeliegenden Prinzips 
oder der ihr zugrundeUegenden Theorie angegeben ist 

*X» Veroffentlichung von besonderer Bedeiitung; die bearapruchr 
te Erfindung kann nicht als neu oder auf ertindenscher Titlg- 
kelt beruhend betrachtet werden 

T Veroffentlichung von besonderer Bedeutung; d'«J«^P™*- 
te Erfindung kann nicht als auf erfinderischer TatigkeK oe- 
ruhend betrSchtet werden, wenn die VeroffenUichung mit 
SneToder menreren anderen Vertffentuchungen dleser Kate- 
gorie In Verbindung gebracfat wird und dlese Verbindung fur 
einen Fachmann nabciiegend ist 

'** VeroffenUichung, die Mltglied dersdben PatentfamUie ist 



IV. BESCHEtNIGUNG 



Datum des Abschlusses der internationalen Recherche 

01.0KTOBER 1992 



Absendedatum des internationalen Recoercfieo benefits 

2 7. 10.92 



Internationale Recherchenbehttrde 

EUROPAISCHES PATENTAMT 



Unterschrift des bevollraaehfigten 

BOURBON R. 




FnbUI PCT/EA/210 (BUtt 2) (Juur MS) 



12/19/2008, EAST Version: 2.3.0.3 



Intnitioulcs AJMnnicha 



PCT/EP 92/01804 




JOURNAL OF THE INSTITUTION OF ELECTRICAL 

Bd GI m? S Nr. 11R. November 1974, STEVENAGE 
GB 

Seiten 1224 - 1248 
A. J. ELLISON ET AL. 'Surface-guided 
transport systems of the future 
siehe Seite 1238, Absatz 5.2 
siehe Seite 1240, Absatz 6 



FntUI P CT/EAJ210 (ZmQ>f ) U»«r ««) 



12/19/2008, EAST Version: 2.3.0.3 



ANHANG ZUM INTERNATIONALEN RECHERCHENBERICHT g?ni8o4 
CBER DIE INTERNATIONALE PATENTANMELDUNG NR. EF 9201804 



SA 



63096 



mternationalen Recherchenbericht angefuhrten 



In diesem Annang and die Mitglicder der Patentfamilien der im ( 

tte^«b^^er™e^^"eniiiitgUeder entsprechen dsn Stand der Datei des Europaischen Patentamtt i 
Diese Angaben dienen nur zur Unterrichtung und erfolgen ohne Gewahr. 



01/10/92 



Im Recherchenhericht 
angefiihrtes I 



Datum der 
Veroffentiichiing 



Mitglied(er) der 
Patentfamilie 



Veroffentlichung 



DE-A-2257773 
DE-A-2423579 



30-05-74 



Keine 



27-11-75 



Keine 



Fur nanere Einzdheken zu diesem Annang : si the Amtsfalatt des Europaischen Paten taints, Nr.12/82 



12/19/2008, EAST Version: 2.3.0.3 



